

PUBLISHED MONTHLY BY ThE AMERICAN JOURNAL OF SURGERY, InC. 

49 WEST 45th street, new yore, N. Y. 

Editor: Thurston Scott Welton, m.d., new york 

. EDITORIAL BOARD 

Carl Beck, Cliicagb; Claude S. Beck, Clev.; Geo. R. Brighton, Meredith F. Campbell, James T. Case, Chicago; 
Isidore Cohn, Bradley L. Coley, T^.T.; Frederick A. Coller, Ann Arbor; Paul C. Colonna, 0\la. Citv; George \V. 
Crile, Cla'.; Elliott C. Cutler, Boston; Charles A. Elsberg, Herbert C. Fett, Brooklyn; C. R. G. Forrester, Chicago; 
H. D-awon Furniss, T'I.Y.; John H. Gibbon, Phila.; Emil Goetsch, Broo!;Ivn; Charles A. Gordon, Brool^Ij’n; Donald Guthrie, 
Sayre, Pa.; A. E. Hertzler, Kansas City; Louis J. Hirschman, Detroit; J. M. Hitzrot, Frederick C. Holden, Emile F. 
Holman, San Francisco; J. A. Hyams, j^.T.; John E. Jennings, Broo^yn; W. L. Keller, Washington; Howard A. Kelly, Baltimore; 
T. J. Kirwin, Arthur Krida, A. V. S. Lambert, K-T.; Maurice Len:, H. H. Lyle, Jerome M. Lynch, 
>J.T.; Urban Maes, 7^.0.; Harrison S. Maryland, >IetfarI{, Rudolph Matas, X.O.; Roy D. McClure, Detroit; H. C 
Naffziger, San Frandsco; Emil Novak, Balt.; Clarence R. O'Crowley, ?iewar\, H }-: Louis E. Phaneuf, Boston; Eugene H. 
Pool, James T. Priestley, Rochester, Minn.; Douglas Quick, >(.T.; N. P. Rathbun, Brooklyn; Hubert A. Royster, Raleigh; 
Henry S. Ruth, Phila.; M. G. Seelig, St. Louis; J. Bentley Squier, H. J. Standee, T'I.T.; Grant E. Ward, Baltimore; 
J. H. WooLSEY, San Francisco. 


NEW SERIES, VOLUME LIV 

OCTOBER TO DECEMBER 
1941 


THE AMERICAN JOURNAL OF SURGERY ^ Inc , PUBLISHERS 

NEW YORK MCMXLI 


Copyright, J94.1 

By the AMERICAN JOURNAL OF SURGERY, Inc. 

All Rtglitit Ktitnti 


Printed in the United States of America 



CONTENTS OF NEW SERIES, VOLUME LIV 
ORIGINAL ARTICLES 


Anesthetic Procedures in Thoracic Surgery . 
Postoperative Pulmonary Atelectasis . 
Management of Acute Empyema in Children 
Etiology of Chronic Empyema .... 


Bronchiectasis: Morbidity and Mortality of 
Medically Treated Patients 


Principles in the Management of Pulmonary 


Logical Approach to Subphrenic Abscess . 

Tumors of the Thoracic Cage 

Relative Frequency and Site of Predilection of 


Tumors of the Thymic Region and Myasthenia 


Intrathoracic Goiter 


Carcinoma of the Lung as a Surgical Problem . 
Difl'erential Diagnosis of Primary and Metastatic 
Malignancy of the Lung 

Bronchial Adenoma 

Bronchial Obstruction: Signs, Symptoms and 
Diagnosis 

Foreign Bodies in the Lung 

Recent Developments in Surgical Treatment of 


Emergency Treatment of Pulmonary Hemorrhage 

in the Tuberculous Patient 

Temporary versus Permanent Paralysis of the 
Diaphragm in the Treatment of Tuberculosis 


Recognition and Management of Bronchopleural 


Present Status of the Surgical Treatment of 
Carcinoma of the Thoracic Esophagus . 

Hi 


(Sidney Cushing Wiggin 

■ -1 , 

[Philip E. Schultz 

- •/ ^ 

Arnold C. Niemeyer 

. . i8 

(‘Thomas H. Lanman 

• -1 on 

[Charles L. Dimmler . 

1 29 

George P. Muller 

• ■ 35 

[Harold NeuhoJ . 


[Benjamin Copieman 

: :} 39 

H. McLeod Riggings 

. . 50 

Herbert C. Maier 

. . 68 

Reeve H. Betts . 

. . 82 

IT. Emory Burnett . 

• • 99 

Henry H. Faxon . 

1 14 

Robert M. Janes. 

. . 127 

Brian Blades 

• • 139 

Alfred Blalock . 

. . 149 

(Hoivard M. Clute 

• -1 T.r 

[Knpivles B. Lawrence . 


Richard H. Overholt . 

.’ .' 161 

Bert H. Cotton . 

• • 173 

[Harold Brunn 

• 1 i-o 

[Alfred Goldman . 

I L 9 

jPaul Holinger 

•1 

[Albert H. Andreivs, Jr. 

1 193 

(Chevalier Jackson 

• 1 

[Chevalier L. Jackson 

>211 

Ethan Flagg Butler . 

215 

David A. Cooper 

. 224 

Gerard A. P. Hurley 

228 

Warriner Woodruff . 

• • 236 

[Howard K. Gray 

.I 

\Wendell S. Sharpe . 

> 252 

John H. Garlock . 

. 262 



IV 


Contents 




Resuscitation for Cardiac Standstill and Ven- 
tricular Fibrillation Occurring during Operation 
Treatment of Injuries to the Chest .... 
Recent Experience with War Wounds of the 

Chest 

Problem of Wound Sepsis in Thoracic Surger}' . 

Diaphragmatic Hernia 

Deformities of the Chest and Spine Resulting 
from Thoracic Disease and Operation: Their 

Prevention 

Slipping Rib Cartilage. With Report of Cases 
Immediate Complications of Operations for 
Acquired Cataract. Certain Complications 
Affecting the Anterior and Posterior Segments 

of the Eyeball 

Prevention of Discomfort and Disability in the 

Treatment of Varicose Veins 

Congenital Discoid Meniscus. A Cause of Inter- 
nal Derangement of the Knee 

Chronic Sclerosing Osteomyelitis : Garre . 
General Considerations of Fistula-In-Ano. The 
Role of Foreign Bodies as Causative Factors . 
Right Lateral Rectus Incision in Acute Appen- 
dicitis 

Extrauterine Fibromyomas 


{ 


Claude S. Beck 
Frank B. Berry 
J. E. H. Roberts 
0. S. Tubbs . 
Deryl Hart . 
Joseph H. Marks 


J. Dewe\,r Bisgard 
John F. Holmes . 

f 

I Conrad Berens 
) Donald Bogart 


I. A. Brunstein . 

( Edwin F. Cave . 
\0. Sherwin Staples 
D. Rees Jensen . 

Alfred M. Buda 

C. Grant Bain . 
(G. D. Scott . 
\lrvin H. Scott 


273 

280 
} 289 

295 

306 


317 

326 

346 


362 

I 371 

377 

384 

388 

} 391 


Adenomyoma of the Stomach. Heterotopia of 
Brunner’s Glands Producing Pyloric Obstruc- 
tion. Case Report 

Obstetrical Analgesia in Private Patients 
Methylene Blue as an Indicator for the Oral 
Administration of Food to the Surgical Patient 
Tendon Injuries. A Study of One Hundred and 
Sixteen Cases 

Leukocyte Exhaustion in Intestinal Obstruction 

Malignant Argentaffine Tumors of the Appendix 

Statistical Review of Carcinoma of the Stomach . 

Method to Prevent Fresh Costal Cartilage Grafts 

from Warping 

Surgical T echnic for Removal of Solitary Destruc- 
tive Neoplastic Lesions of the Cranium 
Suppression of Lactation by Stilbestrol 

Segmental Abdominal Heterotaxy. Situs Inversus 
Viscerum Abdominis Partialis 

Sarcoma Developing in an Old Burn Scar 


Lyman W. Crossman 
James H. Kidder 


395 


Bernard J. Hanley 
(Benj. 1. Golden . 

\j. E. Martin, Jr. 

(Donald H. Hooker 
[Conrad R. Lam . 

(Franklin L Harris 
[Captain Jean Spencer Feldheym 
Earl 0. Latimer . 

(George M. Saypol 
\j. William Hinton 
(Gordon B. New . 

[John B. Erich . 


1 

} 


403 

407 

412 

417 

424 

431 

435 


James L. Poppen 
Oscar H. Bloom . 

{ Joseph 1. Anton. 
Charles E. Panoff 
Milton B. Spiegel 
(Richard M. Fleming 
[Philip R. Rezek . 


439 

443 




Contents 


V 


Marjolin’s Ulcer. Report of a Case .... Harold R. Broivne 
Riedel’s Thyroiditis. A Review and Report of 
Two Cases Henrv /. Goodman . 

Exstrophy of Rectal Mucosa .... . -Lync/j . 

(G. JohnsoJi Hamilton 

Pregnancy and Delivery with an Intrauterine 5 . Welion . 

Pessary in the Cervix \Oren Ellingson . . 

Primary Ovarian Pregnancy. Case Report . . Edwin Break Eckerson 

Sterilization of the Ovaries b}' Roentgen Rays in 
the Treatment of Distant Metastases Rom 
Primary Carcinoma of the Breast. Report of 

Two Cases Ernst A. Poble . 

Iliocolic Intussusception. Diagnosis by A^-ray 
without Contrast Media Joseph Levitin . 

Mental Disorders Associated with Hyperthy- 
roidism 

Peritoneoscopy versus Exploratory Laparotomy. 

A Comparison of Morbidity and Mortality . Boardman M. Bosworth 

Electric Bone Saw and Drill J. Vernon Luck . 

Appendectomy with a Modified Furniss Clamp. Arthur Boiven 
Doyen Tumor Screw. Furniss Modification . . H. D. Furniss . 

The Carnero. A Fish Parasite of Man and Possi- (Kenneth IT. Vinton 
bly of Other Mammals \lT. Hugh Stickler 

Cesarean Section. The Modern Operation 

Juvenile Osteochondreal (Chondro-Epiphysitis) ^Robert L. Schaefer 

Hypothyroidism [Frank H. Purcell 

Bone Drilling in Resistant Chronic Ulcers. A 

New Principle Fred H. Albee 

Differential Diagnosis of the "Painful Hip” in 

Childhood Paul C. Colonna 

Primary Bronchogenic Carcinoma of the Lung, (rr a oi;,-, 

A Clinical and Roentgen Study of Thirty-eight Lunton A. Ellioit 
Oases over a Period ot 1 welve i ears . . . ( 


( Charles A, Gordon . 
[Alexander H. Rosenthal 


(Elbert T. Rulison, Jr. . 
< John D. White . 
[Leonard K. Stalker . 



Pathology of Appendiceal Stump with Sugges- 
tions for Prophylaxis V. L. Schrager 629 

Emergency Control of Postpartum Hemorrhage. [Clarence C. Briscoe . . .\ 

Experience with a Supplementary Technic. . \Robert A. Wilson . . . ./ 

Treatment of Pelvic Infection by Iontophoresis 

of a Choline Compound Alexander H. Rosenthal . . 639 

Surgical Treatment of Axillary Hidrosadenitis 

Suppurativa Harris B. Macey 643 

Postoperative Gastric Drainage. Quantitative 
Study for an Indication of Re-establishment of 
Gastrointestinal Motility Following Gastric 

Operations James P. Warbasse, Jr. . . 648 

Prevention of Postoperative Meningitis by Intra- /Ta/e D. . . . -I 655 

cranial Implantation of Powdered Sulfanilamide fNonnan M. Wa// . . . .) 



VI 


Contents 


Biocliemical Aspects of Preoperative and Post- 
operative Treatment. Its Practical Application 
Peritoneoscopy. With Special Reference to Wid- 
ening Its Applications 

Healing of the Operative Wound in Syphilitic 

Women 

Congenital Duodenal Obstruction 

Postoperative Evisceration. Resume of the Liter- 
ature and Report of Five Cases 

Ultraviolet Irradiation of Autotransfused Blood 
in the Treatment of Puerperal Sepsis 

Treatment of Surgical and Traumatic Shock with 
a Citrated Plasma-Saline Mixture .... 

New Operative Procedure for Dupuytren’s Con- 
tracture 

Preparation of Superficial Wounds for Skin Graft- 
ing by the Local Use of Sulfanilamide and 
Sulfanilamide-Allantoin Ointment .... 
Use of a Plaster Slipper in the Management of 

Simple Fractures of the Toes 

Obstruction of the Common Bile Duct by a 

Detached Piece of Liver 

Subcutaneous Rupture of Meckel’s Diverticulum 
Migration of Projectiles in Blood Vessels. Report 

of an Unusual Case 

Multiple Shell Wounds. A Case Report . 
Avulsion of the Distal Tendon of the Biceps 
Brachii 

Pseudofracture of the Tibia. Report of Two Cases 

Recurring Pyogenic Osteomyelitis. Report of a 
Case with a Forty-seven Year Quiescent Period 
between Attacks 

Adenoma of Langerhans’ Islet of the Pancreas 

Diagnostic Points in Intra-abdominal Pregnancy. 

Report of a Case 

Mobile Cecum with Left Hydrocele. Case Report 
Dog Surgery. Descriptions of Technic for Anes- 
thesia and of a Respirator for Thoracic Surgery 

Practice 

Phillip’s Recessed Head Screw 

Elimination of Air Bubbles from Intravenous 
Apparatus by a Modification of the Murphy 

Drip 

Modified Braun Perineal Scissors 

Cancer of the Gums (Gingivae) 


Raymond Great . 

Joseph E. Hamilton 
jHenryC.Falk . 
\Ivan Kempner . 
Russel 0 . Lyday . 

Morris L. Bohrow 

E. ir. Rchhcch . 
{Charles Stanley Whit 
\ J. Lloyd Collins . 
[Jacoh J. Weinstein 

Elias Lincoln Stern 
(J. Ross Veal. 

<Roy G. Klepser . 
[Michael P. DeVito 

Joseph E. Macmanus 


■ ^50 

668 
( 674 

678 

682 

691 

I 

' 701 

I 

71 1 

• 716 

721 


\J. LcRoy Kimball . 

: 

H. A. Gamble 

. . 727 

George J. Laird . 

■ • 729 

Alfred J, Barbano 

. . 731 

Walter E. Sharpe, Jr. . 

■ • 733 

jj. Lloyd Tabb 

■ i 

[Bernard D. Packer . 

• ■/ 

Bernard N. E. Cohn 

■ 741 

(Perry G. Vayo 

■l -aa 

[George T. Bodon . 

r /44 

(Morris Weintrob 

a 

[David 1 . Weintrob 

f / 4 / 

W. Houston Toulson 

753 

(Thomas Peck Butcher 


} Clyde 0 . Meridelh, Jr. . 


i 

Arch F. 0 ’ Donoghue 


Edward J. Ottenheimer . 

759 

Harold D. Caylor 

760 

Hayes Marlin 

• 765 



Ihc Imedcaii Journal of lupgoi'ij 

Copyright, 1941 by The American Joimtal of Surgery, Inc, 

A PRACTICAL JOURNAL BUILT ON MERIT 
NEW SERIES VOL. LIV OCTOBER, 1941 NUMBER ONE 


I&MiA 

HOW MAY DOCTORS HELP MOST IN CONTROLLING 

PULMONARY DISEASE? 


C onvincing evidence has been 
presented by the contributors to this 
Symposium that many patients suf- 
fering from serious pulmonary disease may 
receive great benefits from surgical treat- 
ment. Safe surgical exploration of the 
thoracic cavity has permitted a correlation 
of clinical and pathological findings during 
life which have clarified many issues at 
stake. A more direct attack upon pulmon- 
ary disease is now possible. Drastic reduc- 
tion in mortality rates for elective surgery 
of the chest wall, lungs, esophagus and 
even heart have been eflected. Periods of 
postoperative disability can now be fore- 
told with reasonable certainty. The degree 
to which health will be restored can be 
predicted with greater accuracy. 

Although the past decade has seen dis- 
tinctive and practical contributions in the 
field of thoracic surgery, there is reason to 
believe that in the near future success in 
handling certain pulmonary diseases will 
be even more noteworthy. Improvements 
all along the line may be expected. Per- 
fection of technical phases, which are the 
immediate concern of the surgical team, 
will continue. However, it will be impos- 
sible to show in the future the same accel- 
erated reduction in operative mortality and 
' morbidity that has occurred within the 


past few years. For example, the mortality 
in partial resection of the lung has been 
dropped from over 20 to under 5 per cent, 
and in total pneumonectomy from 50 to 
under 10 per cent. It is therefore obvious 
that any great increase in the efl'ectivencss 
in handling certain pulmonary diseases 
cannot be attributed, except in small de- 
gree, to a possible further shrinkage of the 
risk of operation. 

The great impetus to ell'ectlve handling 
of thoracic disease will come from the other 
end of the line. The profession at large, 
upon whom rests the responsibility for the 
apprehension of disease, should so impro\ c 
upon the timing of their diagnostic work 
that therapeutic eflbrts will be directed 
to a far greater proportion of favorable 
lesions. 

The discovery of pulmonary disease dur- 
ing its incipiency is a fertile field that has 
not been well cultivated; in fact, the profes- 
sion can almost be accused of negligence. 
For example, let us consider two of the 
most important pulmonary diseases, tuber- 
culosis and cancer. The former ranks as the 
number one cause of death in adolescence 
and early adult life, and it ranks first in 
economic loss. The second ranks near the 
top of the list of cancers which cause death, 
and it has become one of the most impor- 
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tant of all pulmonar}'^ diseases as empha- 
sized Blades and Overholt in this 
SjTOposium. It is appalling that the score 
on early discovery of tuberculosis is not 
greater than 20 per cent, as indicated by 
reports on sanatoria admissions in this 
countr3^ The score on the discovery of cur- 
able pulmonary malignancy is also ap- 
pallingly low — in the neighborhood of 15 
per cent. By waiting to let the lesion in 
either case progress to the point where the 
doctor is certain that the patient needs an 
A-'-ray, thereby justifying the expense of 
such an examination, we simply make it 
difficult or impossible to obtain satisfactory 
results from treatment. By a simple re- 
versal of the ratio of minimal (20 per cent) 
to advanced lesions (80 per cent) which 
come up for treatment, the whole picture 
in tuberculosis would change overnight. 
We would then promise 95 per cent good 
results on 80 per cent of the whole rather 
than limiting the high batting average to 
a minority group and then struggle to 
obtain doubtful results with the major 
proportion of the tuberculous population. 
The same applies to primary malignancy 
of the lung. If the majorlt}'^ of the lesions 
were uncovered in their pre-symptom or 
early symptom stage, the profession could 
boast of the highest cure rate for any 
internal cancer. 

This is not wishful thinking as we know 
there is within our reach a method of 
bringing many pulmonary lesions to light 
in their early stages. This statement is true 
irrespective of the fact that in the case of 
either disease there may be no early symp- 
tom or no abnormal physical sign. It is 
true regardless of the fact that when 
symptoms and signs do appear they may 
be considered inconsequential, variable or 
unreliable. The one action the medical 
profession can take which will double or 
treble the number of early diagnoses made 
in chest disease is to see that all patients 
who come to them for any advice have a 
single roentgenogram of the chest at least 
once a 3’ear. 

Doctors must all be made to realize that 


no matter how carefully or painstakingly 
the phj^sical examination of the chest is 
done, absence of abnormal palpator3’- find- 
ings, percussion sounds or ausculatorj; 
sounds do not spell freedom from disease. 
Neither does absence of sj'mptoms mean 
that there is no latent disease. A negative 
phj’^sical examination without a negative 
chest film gives no assurance that the pa- 
tient will not be dead next 3'ear of tuber- 
culosis or pulmonarj’^ cancer. The profession 
has long recommended to the public that 
they get in the habit of submitting to an 
annual phj^sical examination including 
urinalj^sis, blood counts, and Wassermann 
test. To this should be added a single 
film of the chest. Hospitals should routinelj"^ 
x-ra3’^ all patients on admission. 

Tuberculosis workers have long been ' 
convinced of the fact that if this commun- 
icable disease is ever to be controlled the 
population generall3’^ will have to be 
screened if all unsuspected cases are 
tracked down. Sanatoria staffs are reaching 
out as far as the3^ can but their coverage is 
wholly inadequate. The United States 
Public Health Service might take over and 
the State carr3’’ out compulsor3’^ isolation of 
all positive sputum cases. Most ph3'sicians 
would resent such a socialized step. A 
practical solution can be worked out with 
a co-ordinated effort of existing agencies 
with practicing physicians and hospitals 
taking over the responsibility of patients 
under their care. 

Expense has been the chief obstacle to 
the inclusion of chest roentgenography as 
a part of a ph3^sical examination. A search 
is well under wa3^ to perfect accurate and 
inexpensive wa3's to produce chest .v-rays 
wholesale. Sensitized paper is available at 
about one-half the cost of the full-sized 
celluloid films and is almost as accurate. 
A method of recording the fluoroscopic 
image on a 35 mm. film has also been 
developed. Potter^ working in collabora- 
tion with the General Electric Corporation 
Laboratories has developed a unit for tak- 
ing a 4 b3^ 5 inch film. This method has 
been found b3' Douglas and Birkelo- to be 
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reasonabi}' accurate showing an error of 
but 2.7 per cent. Special equipment 
for miniature chest roentgenography may 
eventually be available in large .v-ray 
offices and hospitals. For the moment, the 
initial cost of special equipment will prob- 
ably limit the number of units which will 
find their way into general use. 

For the time being, doctors must relv 
on existing -v-ray facilities. Increasing use 
should be made of out-patient departments 
of city, county and state sanatoria for 
patients who cannot afford to pay costs. 
Doctors in private practice should make 
arrangements with roentgenologists and 
hospitals so that their patients may be 
referred for a routine chest film at a cost 
adjusted to make the sendee possible. 
Charges of S5.00 to $15.00 for an .v-ray 
examination of the chest are prohibitive 
for a routine service. These prevailing fee 
schedules have been based upon a more 
time-consuming examination which in- 
cludes fluoroscopy and frequently stero 
films. In routine work the patients are 
handled entirely by technicians so that the 
actual cost of taking and developing each 
film is not great. Roentgenologists can read 


o 

from se^'ent3"-five to one hundred twenty - 
five routine films an hour. From a practical 
standpoint, therefore, it would seem en- 
tirely possible to bring the cost of routine 
single chest films within the reach of all 
private patients of any doctor. 

It is within our power to discover pul- 
monary disease in many^ patients well in 
advance of the time that it becomes life 
threatening. Action must be taken before 
symptoms become so alarming that the 
issue is forced. By virtue of the fact that 
the lung lends itself so well to .v-ray 
scrutiny^ doctors are in a position to give 
real protection to their patients as far as 
serious pulmonary disease is concerned. 
The finishing touches can be put on the 
program to eradicate tuberculosis, and 
while this is being done many patients who 
harbor unsuspected malignancy may be 
saved from a certain death. 

Richard H. Overholt, m.d. 
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ANESTHETIC PROCEDURES IN THORACIC SURGERY 

Sidney Cushing Wiggin, m.d * and Philip E. Schultz, M.D.f 

BOSTON, MASSACHUSETTS 


INTRODUCTION 

A NESTHESIA for thoracic surgery has 
been one of the prime factors in 
converting the hitherto formidable 
procedures of this branch of surgery into 
safe, helpful and curative measures. Vast 
strides have been made in the past ten to 
fifteen years in thoracic surgery during 
which we have witnessed the development 
of operations for pulmonary tuberculosis, 
and in the past eight years, removal of the 
whole lung for extensive bronchiectasis or 
tumor. In anesthesia we have seen the 
introduction of the endotracheal tube for 
the control of respirations, positive pressure 
and suction drainage of mucus, pus and 
blood. The carbon dioxide absorption tech- 
nic has permitted the anesthetist to ad- 
minister anesthetics with a minimum loss 
of body heat, less disturbance to the 
02-C°-2 ratio and has enabled him to 
employ the newest gas, cyclopropane, with 
the highest possible oxygen concentration 
and safety to the patient. Ox3'gen anaij'sis 
of the blood from the pulmonary artery 
and vein and from the aorta have shown 
saturation of 95 to 100 per cent’ under 
cyclopropane anesthesia. During spasm, 
however, the oxj'gen saturation dropped to 
70 per cent. It has been argued in the past 
that thoracic surgery did not progress due 
to lack of these essentials in anesthesia. 


We find a diversity of opinion among our 
leading chest clinics as to the type and 
anesthetics employed. Is it any wonder 
when one considers the short span of time 
covering the developments of thoracic 
surgery? The anesthetists and surgeons of 
England, Australia, Canada, Sweden, Ger- 
mans' and this country have been pioneer- 
ing in a field of anesthesia. Only by 
contributions from the trials and errors of 
these pioneers has the present status of 
anesthesia in these difficult surgical proce- 
dures been developed. It is our purpose to 
state our experiences in over 2,000 thoracic 
operations of all types, describing the 
technics which we have found safe and 
which have permitted our surgeons to 
operate unhampered bj' the bug-a-boo of 
stormy induction, uncontrolled anoxemia, 
the overflowing airway and prolonged 

depression of reflexes. 

The requirements of an ideal anesthetic 
for thoracic surgery have been clearly out- 
lined b}' Eversole and" Overholt. In their 
experience cyclopropane fills this nec^sitj . 
Beecher® states that ether, with nitrous 
oxide induction is the agent of choice in 
thoracic surgerj' because it is well tolerated 
bj' the circulation and does not depr^s the 
respirations and is nontoxic to vital tissues. 
Barbour,’ Bourne,® and Stehle® find ether 
causes increase in blood concentration and 
production of acidotic states. Bourne rec- 
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ommends cyclopropane-oxygen or spinal 
anesthesia in these handicapped patients. 

In this series are included anesthesia for 
tlie various stages of thoracoplasty, extra- 
pleural pneumothorax, internal pneumoly- 
sis, pneumonectomy, lobectomy, abscess of 
the lung, empyema, diaphragmatic hernia 
and surgery of the heart. 

The patients, as a result of their path- 
ological processes, present varying pictures 
of altered physical states. 

The more common factors that make 
these patients dilferent from other surgical 
patients are lowered vital capacity and 
vital reserve, excessive secretions of the 
respiratory tract, secondary anemia and 
sepsis. Due to their disease there is a 
reduction of available absorptive surface of 
the lungs which limits the absorption of 
both the anesthetic and oxygen. 

Some of the complications that are 
created by the operation, and which make 
anesthesia for these cases diHicult, are, rib 
stripping, open pleura, paradoxical breath- 
ing, stimulation of the mediastinum, trac- 
tion on the lung causing vagovagal reflexes 
which create cough, respiratory- spasm and 
obstruction, arrhythmias of heart and 
respiration; in lobectomies excessive secre- 
tion, pus, and blood and lung detritus, and 
posture of the patient on the operating 
table. In operations on the lung it is often 
necessary to have the patient lie on the 
healthy side, thus it is partially immobil- 
ized in the dependent position which limits 
its excursion as well as that of the dia- 
phragm on the same side. This condition is 
aggravated further by the front and rear 
braces which hold the patient in position 
and the elevation of the bar or pillow which 
is used to widen the intercostal spaces of 
the operable side of the chest. 

The ideal anesthetic should be; nontoxic 
to vital tissues, nonirritating to the respira- 
tory tract, rapid acting for induction to 
eliminate stimulation of secretory reflexes 
and excitement, controllable for main- 
tenance of anesthesia, with low concentra- 
tion to ensure complete oxygenation, quiet 
respirations and prevent anoxemia. It 


should be a rapidly reversible anesthetic 
that will allow the patient to return to 
cough reflex and swallowing as soon as the 
operation is finished. 

A sufficient airway should be provided 
with nasal tubes, oral airway, intratracheal 
catheter. The carbon dioxide filtration 
method should be employed with facili- 
ties for positive pressure and suction of 
secretions. 

Patients are prepared with adequate bed 
rest, special diets and treatments. Blood 
examinations, vital capacity estimates, and 
selection of patients for surgery are done at 
conferences between internist and surgeon. 

Many of the patients, especially those 
with tuberculosis and bronchiectasis, have 
excessive infectious secretions, very often 
with cavity formation. Postural drainage 
has aided greatly in the management of 
these patients. This procedure is carried 
out in the morning of operation. If the 
patient is knon-n to have a large amount 
of secretion and is unable to evacuate 
it himself, bronchoscopy' is performed 
preoperatl^-ely. 

The ideal time of the day' for chest opera- 
tions is in the afternoon, so that postural 
drainage may be adequately' carried out 
before hand. By' so doing, it has not been 
necessary' during the past five y'ears to do 
intratracheal intubation on any' thoroco- 
plasty'. To obtain sufficient drainage during 
operation, the operating table is placed in 
ten degrees Trendelenburg position before 
the anesthesia is started. In only a few 
cases has any secretion been found in the 
face piece after operation. 

The proper posture of the patient on the 
operating table is one of the important 
factors which determines the smooth run- 
ning of the operation and the anesthesia. 
For the surgeon it means speed of operat- 
ing, good hemostasis, proper exposure of 
the field of operation, and the elimination 
of the discomforts, the presence of which 
leads to fatigue and oftentimes loss of 
equilibrium. With good posture of the 
patient during operation, respirations are 
not impeded to any' great extent, with the 
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result that the patient is kept in a slate of 
physiological oxygenation. Also, the con- 
trol of any abnormal secretion is better 
facilitated, 

M.MNTENANCE OF AX ADEQUATE AIUWAY 

Before discussion of the methods of anes- 
thesia for thoracic operations, technics for 
the preservation of the air passages during 
anesthesia with intratracheal catheter, 
nasal tube, oral airway, suction of secre- 
tions from the respiratory tract and ap- 
plication of positive pressure will be 
considered. 

Intratracheal intubation is used in the 
operations for pneumonectomy and lobec- 
tomy for four reasons: (i) to insure a 
patent airway for exchange of the anes- 
thetic mixture, (2) to provide prc.ssurc 
when it is needed, (3) to aflord an unim- 
peded avenue for the emergency applica- 
tion of Guedel’s artificial respiration or 
controlled breathing with oxygen during 
apnea, and (4) to olTcr passage for the 
suction of pus and blood from the respira- 
tory tract during operation. Whenever the 
intratracheal catheter is used a Water’s 
balloon cuff is always placed one inch from 
its tip and inflated with 5 cc, of air after 
intubation. This is to insure a tightly 
closed system and prevent gaseous ex- 
change around the intratracheal catheter 
in the trachea. No complicating infection 
or damage and no accident from the balloon 
has been noted, except that occasional!}' a 
balloon will collapse from a leak in its wall. 
If the balloon fails to function, a vasalined 
bandage is packed into the mouth about 
the intratracheal tube. A rolled bandage 
makes a convenient prop to prevent closure 
of the teeth on the intratracheal tube. The 
intratracheal intubation is carried out by 
one of two methods; For tumor of the lung 
or nonsecretive cases, the patient is induced 
with cyclopropane-oxygen, with or without 
a small amount of ether to obtain complete 
glottic relaxation before the intratracheal 
tube is introduced. In cases of cavity 
formation or excessive secretion as bron- 


chiectasis, the pyroform fossae, glottis, and 
trachea arc ansethetized with larocainc or 
cocaine 4 per cent and 5 cc. of 2’^ per cent 
solution is injected into the trachea with a 
curved lube introducer. In fifteen minutes 
the intratracheal tube is inserted with an 
Evcrscopc or Gucdcl Laryngoscope. The 
case with which the lube can be introduced 
under local anesthesia has led to its use 
more and more, even in cases without 
secretion. During the past five years, this 
method has been employed almost uni- 
versally. The type of catheter preferred is 
the silk woven, or Magill, No. 34 for 
women and No. 38 for men. For aspiration 
of secretions during operation No. 16 to 20 
French catheter is passed through the 
intratracheal tube. 

The gas machine is then connected to the 
intratracheal tube by means of an adapter 
which is inserted into the face piece holder 
of the rebreathing tubes and induction 
with cyclopropane-oxygen is performed 
with carbon dioxide filtration technic. Very 
rarely a severe spasm of the bronchi may 
ensue which is overcome with rhythmical 
positive pressure on the rebreathing bag 
with a very high oxygen concentration of 
the cyclopropane-oxygen mixture. 

If the intratracheal tube is not con- 
sidered necessary or contraindicated, rub- 
ber nasal tubes are used in each nostril. 
These arc inserted as soon as the naso- 
phar3’ngeal reflex is sufficiently depressed 
and they arc retained for the duration of 
the operation. These tubes not only prevent 
pharyngeal spasm but afford an avenue of 
drainage for any secretion from the respira- 
tory tract or mouth. These airways are left 
in place until the reflexes of the nose and 
throat are established in order to prevent 
the possibility of masseter spasm resulting 
in aspiration of vomitus or secretion. Also, 
postoperatively, they tend to stimulate 
nasopharyngeal and cough reflexes which 
aid in expelling any retained secretions in 
the respiratory tract and aid in stimulating 
the patient to a conscious state and normal 
control of reflexes. 
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POSTOPERATIVE INTRATRACHEAL SUCTION 

Intratracheal suction is performed rou- 
tinely immediately postoperatively by pass- 
ing a No. 24 French catheter through the 
nose. stimulating the glottis a cough 
refle.x is instituted; this act opens the glottis 
and the catheter is passed into the trachea. 
If this fails, bronchoscopic suction is car- 
ried out in cases with retained secretions. 

POSITIVE PRESSURE 

Positive pressure is very simply per- 
formed by manual pressure on the re- 
breathing bag of the gas machine provided 
all joints of the closed system are tight. 
This pressure should not exceed 20 mm. of 
mercury pressure. The safest measure to 
individualize^ positive pressure is b}' the 
direct observation of the lung by the anes- 
thetist or surgeon to insure against over- 
inflation. When one thoracic cavity is 
opened, there is no real need of positive 
pressure until the surgeon wishes to re- 
inflate the lung just before closing the 
thoracic cavity. But if both thoracic cavi- 
ties are opened intentionally or accidently, 
positive pressure becomes a vital necessity. 

ANESTHESIA TECHNIC 

Preliminarx' Medication. When cyclo- 
propane-oxygen is used solely as in empy- 
ema operations, or in combination with 
regional novocaine anesthesia, atropine is 
substituted for scopolamine as it has more 
depressing action on the secretory glands 
than the vagal reflexes of respiration and 
circulation. The average dosages of the 
drugs used for preliminary medication are 
nembutal gr. 3, two hours before operation 
and morphia gr. atropine gr. ’i5o> one 
hour preoperatively. In the extremely ill 
patients the morphia is eliminated and 
nembutal is reduced to a minimum. 

In preparing the patient for regional 
anesthesia, nembutal gr. iN to gr. 3, p.o. 
is given two hours before surgery to which 
is added morphine sulfate gr. le to with 
scopolamine gr. ^i5o> one hour prior to 
surgery. Upon arrival at the operating 


room, the patient’s reactions lo the medica- 
tion are noted. Blood pressure, pulse, and 
respirations are checked and compared 
with his preoperative readings. If the pa- 
tient is drousy or quiet, the paravertebral 
injection is then made and the reactions 
noted. When the effects of the medication 
appear insuiricient or when the paraverte- 
bral injection disturbs the patient too 
much, intravenous morphia gr. }(• is given. 
Adriani points out that intra\'enous mor- 
phia disappears from the circulation in one 
hour and clinically our experiences bear 
this out, for quite frequently the need for 
additional medication makes itself appar- 
ent and the same dose is repeated. It is to 
be remembered, however, that morphia 
given intravenously is about one-third 
more potent than the same dose given sub- 
cutaneousK'. The preparation and injection 
also differ from the subcutaneous method 
in that the dose is dissolved in 2 cc. of 
saline and given slowly, allowing two 
minutes for the injection. The usual doses 
employed are gr. to gr. jc- Very rarel\ 
have we given gr. 1 4. W’e have used this 
method frequently and have noted no 
untoward effects. Respirations in only a 
few instances have been mildly depressed. 
We do not hesitate to use it after a year of 
extensive trial. Occasionally, even under 
this regime, patients complain or become 
restless, but upon recovery ha\'e no 
memory of the procedure and undergo the 
next stage without any fear, ^^'^e have gone 
into this discussion at some length, but it is 
our belief that the reason for local anes- 
thesia falling into a measure of last resort 
in the past and its success in our hands 
depends primarily upon the adequate 
medication of the patient according to 
Guedel’s’ scale of metabolic activity. Tu- 
bercular patients have a definite tolerance 
for these drugs, perhaps because of their 
increased metabolic rate and common 
usage more than overbalances the depres- 
sant effect one would expect in such sickly 
individuals. Another factor which permits 
the use of larger and repeated doses is the 
fact that no depressant agent is added 
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TECHNIC OF ADMINISTRATION 

Thoracoplasty. Two methods of anes- 
thesia are employed for this procedure: (i) 
paravertebral block with i per cent novo- 


disease and (5) extreme debilitation, to be 
the t3fpe best done under the regional 
anesthesia while the patients in better 
phjfsical state receive C3'cIopropane-ox3"gen 
plus regional anesthesia. 
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Fig. I. Anesthetic course of the average tho- 
racoplasty. 
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Fig. 2. Chart illustrating clinical course under 
paravertebral anesthesia. 


caine plus infiltration in the line of incision, 
fascial Ia3'^ers and directl3'^ around the 
intercostals as the3'’ are exposed. Two drops 
of adrenalin are added to each loo cc. of 
solutions, (2) the combination of C3'cIo- 
propane-oxygen anesthesia with regional 
infiltration and paravertebral injection 
with novocaine, i per cent, without adren- 
alin. The latter is omitted in the presence of 
C3'^cIopropane because of its sensitizing 
effect on the conduction mechanism of the 
heart. 

Although either technic may be used for 
thoracopIast3^ better results are obtained 
b3^ individualizing each case with the selec- 
tion of the anesthesia determined b3" careful 
anal3’^sis of the patient’s condition. Thus 
vital capacit3% actlvit3i of the disease, the 
amount of secretion, histor3'^ of hemor- 
rhage, contralateral disease or collapse 
procedure, ph3^sical and ps3"chic state of 
the patient, history of drug sensitivit3’^ and 
operating time must be considered. All of 
these factors singl3'^ or coIIectivel3'^ relate to 
(i) spread of disease and (2) operative 
morbidity and mortality. 

As a consequence we consider those cases 
with (i) excessive secretions, (2) contra- 
lateral pneumothorax or thoracopIast3'^, (3) 
history of recent hemorrhage, (4) acute 


The technic for the administration 
of C3icIopropane-ox3"gen anesthesia is as 
follows: 

The bag is inflated with four liters of 
oxygen and the flow of oxygen is set at 
1,000 cc. per minute. The patient respires 
this atmosphere for a few breaths and then 
C3iclopropane is allowed to course in at the 
rate of 500 cc. per minute until the e3'elid 
reflex is lost and then ox3'gen is reduced to 
500 cc. per minute and this proportion is 
maintained until the e3’eballs have ceased 
their oscillations and the respirations are 
smooth, equal and quiet, indicating second 
plane of third-stage anesthesia. When this 
point is reached, the cyclopropane valve is 
closed until the need for higher concentra- 
tion of the mixture makes itself evident and 
the surgeon is allowed to proceed. The time 
of induction varies from three to fifteen 
minutes with the average about five 
minutes. 

The induction with cyclopropane is fol- 
by the regional infiltration of the 
line of incision and the paravertebral injec- 
tion with novocaine i per cent without 
adrenalin. The paravertebral injection is 
made b3’ direct vision after the exposure of 
the intercostal space has been made. (Figs. 

I and 2.) 
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TECHNIC FOR PNEUMONECTOMY AND 
LOBECTOMY 

These two procedures although differing 
somewhat in their anesthesia requirements 
and surgical handling are grouped together 
for consideration because of so many points 
of similaritv. 

The preparation for both is similar in 
that secretions are decreased by postural 
drainage and bronchoscopy if necessarjL 
Preliminary pneumothorax is established 
in pneumonectomy cases if possible. 

The plan of premedication of the patient 
for anesthesia follows the general pattern 
described above. Our patients receive i}i 
to 3 gr. of nembutal two hours before 
surgery and gr. 3^6 to of morphia one 
hour before surgery with atropine gr. 3^oo 
to /{ 20 - The patient is then brought to 
surgery and the throat cocainized and a 
cannula is inserted in a convenient vein in 
the ankle for fluid or blood if needed during 
operation. We have placed much stress on 
rather commonplace routine details, but 
it has been our experience that these proce- 
dures must be instituted before the opera- 
tion is allowed to proceed. 

The patient is then intubated with the 
technic described under the preparation of 
the patient. The tube and gas machine are 
connected and the induction with cyclo- 
propane commences in the usual manner. 
The average time for the induction is about 
five minutes. Certain respiratory aberra- 
tions ma}* be noted at this time, but these 
are usually due to either secretion, spasm 
or effects of pneumothorax. When respira- 
tions are under control, the patient is 
placed in the proper position, prepared and 
draped, and the infiltration of novocaine 
is then made. 

With a tight sj^stem, little addition of 
cyclopropane will be necessary until the 
pleura is opened. The anesthetist will find 
it to his advantage to forestall the effects of 
the pleural reflex by increasing the con- 
centration of cj’^clopropane a few minutes 
before this point is reached. When the 
pleura is opened, gentle positive pres- 


sure will aid in transcending this phase 
smoothIjL Mobilization of the lung evacu- 
ates secretion from the latent cavities, and 
excites vagovagal reflexes. When practical, 
the ligation of the bronchus should be 
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Fig. 3. Chart of some of the complications seen in 
pncumonectomj” marked cough refle.v and secretion. 


attempted as soon as possible in the wet 
cases for the relief of secretion and spasm, 
which are aggravated by continual manipu- 
lation. If spasm or cough occurs, moderate 
pressure on the bag will control the situa- 
tion until the reflex subsides. 

Just before completion of the closure of 
the thoracic cavity positive pressure is 
instituted under the surgeon’s observation 
as to the response of the lung. The pressure 
is applied slowl}'^ and gradually built up. 
Anesthesia is maintained until the wound is 
closed. Bronchoscopy is then performed 
and all secretions aspirated. By passing 
o.xygen through a special nipple the bron- 
choscope will make the transition from the 
anesthetic atmosphere to air less abrupt. 

(Fig- 3-) 


TECHNIC FOR EXTRAPLEURAL 
PNEUMOTHORAX 

Certain factors deserve consideration. 
First, the activity of the cough reflex from 
mediastinal stimulation, second, by provid- 
ing quiet, even respirations, the surgeon is 
provided with ideal conditions for operat- 
ing, and third, in the event of accidental 
opening of the pleura, means for application 
of positive pressure is essential. 
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We find a combination of cyclopropane 
inhalation and novocaine paravertebral 
injection with procaine the most satisfac- 
tory. Regional anesthesia alone fails to give 
the desired duration and does not control 
the cough reflex. Unsupplemented cyclo- 
propane requires a higher concentration 
with consequently more depression of the 
patient. The technic is almost identical 
with that of thoracoplasty. 

The procedure consists of: (i) placing the 
patient in the lateral thoracoplasty posi- 
tion; (2) inhalation with cj'^clopropane, 
using the gradual induction technic with 
the concentration of the gas varying 
between 15 per cent and 25 per cent; and 
(3) injection with per cent solutions 
of procaine paravertebrally and in the line 
of incision. 

Lung Abscesses. There are a few cases in 
surgery which present more serious prob- 
lems from either surgical or anesthetic 
angles than patients with lung abscesses. 
The fulminating infection produces a pro- 
found prostration of the patient, and to 
this are added the eflPects of mechanical 
obstruction to aeration of the lung, so that 
cyanosis, uncontrollable cough, with foul 
sputum, rapid pulse, and dj'^spnea com- 
plicate the choice of anesthesia. 

Agents which will reduce the oxygen 
saturation still further cannot be used here, 
nor can inflammable gases or vapors be 
employed because of the use of cautery. 
Thus the anesthetist is left with the choice 
of regional, intravenous or rectal anes- 
thesia. We have selected as the safest 
method, regional anesthesia with adequate 
premedication. Premedication is essential 
for the application of positive pressure with 
oxygen on the fullj’^ conscious patient from 
which he is apt to be more uncomfortable 
than from the surgical procedure. The 
combination of nembutal, morphia and 
scopolamine in judicious doses is given in 
the manner described previously under 
paravertebral anesthesia. The intravenous 
injection of morphia can be used to great 
advantage in these cases, particularlj"^ for 
the relief of cough. 


Positive pressure with 100 per cent 
oxygen is helpful in these cases and is 
applied when the pleura is to be opened. It 
is used for a threefold purpose: (i) to retain 
the lung against the thoracic wall to pre- 
vent empyema, (2) to dam back the pus so 
that when the abscess is opened with the 
cautery the pus is forced outward instead 
of passing through the bronchial fistula, 
and (3) to afford the patient a forced 
oxygenation which apparentl}^ they need, 
as observed by improvement in color and 
general condition when the positive pres- 
sure is instituted. The pressure is main- 
tained until the dressing and binder are 
fixed. 

Procedure. The procedure is as follows : 
(i) medication, (2) paravertebral Injection, 
and (3) positive pressure oxygen. 

Empyema. Drainage of empyema is 
performed under regional anesthesia or 
cyclopropane-oxygen. When simple drain- 
age is to be instituted, local infiltration is 
the simplest and most satisfactory. In the 
chronic type, however, infiltration may not 
be as well suited for the more extensive 
procedures involving resection of several 
ribs and thickened pleura. In these cases 
cyclopropane better serves the purpose. 

Technic for Cardiac Surgery. Anesthesia 
for operations upon the heart is attended 
with technical difficulties for the surgeon in 
that he is contending with a constantly 
moving organ whose full activity is essen- 
tial for the maintenance of the patient. 
Consequently, variations in pulse quality 
and rhythm may be expected upon han- 
dling this vital tissue and the surgeon and 
anesthetist must bear this in mind. The 
most serious complication that may occur 
is that of ventricular fibrillation.® Unless 
early detection with prompt therapeusis is 
performed, the outcome is fatal. For this 
reason a 10 cc. sjninge is loaded with 
procaine,® per cent solution and kept on 
the instrument table ready for immediate 
injection into the cardiac muscle should 
this complication develop. 

Whether to use cyclopropane, ethylene 
or nitrous-oxide ether is a controversial 
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issue as is the necessity for intubation. 
^^'’aters'‘’ states that there are no contra- 
indications for the use of the cyclopropane 
in experienced hands. Other observers do 
not recommend its use in cases in which 
there are known disturbances in the" con- 
duction mechanism of the heart. We be- 
lieve, however, that these patients require 
an anesthetic with minimum toxicity and 
maximum oxygenation to spare an already 
embarrassed circulation. The cases which 
we have done with cyclopropane endo- 
trachcally have impressed us with the fact 
that this agent conforms with this precept. 

We believe that these cases should be 
intubated so that a patent airway is assured 
at all times. Straining, spasm, cough or any 
interruption in the normal respiratory 
rhythm embarrasses both the surgeon and 
anesthetist. One of the early pericardec- 
tomies was done under a combination of 
local anesthesia and cyclopropane, but 
without an endotracheal tube. The patient 
was a robust, excitable male in the middle 
age group. His induction was prolonged by 
a moderate struggle. His respirations were 
rough, even with nasal and oral airways so 
that he was partially obstructed, yet his 
color was apparently unaflected. Exposure 
of the field was made difficult by the un- 
even respirations. As a result, the operating 
time was increased, but in this particular 
case, in spite of the difficulties, the patient 
made an uneventful recovery. Another 
factor worth noting was that no arrhyth- 
mias were detected under these far from 
ideal conditions. The contrast between the 
nonintubated case and the intubated cases 
was quite marked as far as operating condi- 
tions were concerned. 

Procedure. The procedure is as follows; 
(r) premedication, (2) intubation, either 
under local or general anesthesia, (3) cyclo- 
propane and oxygen anesthesia in 15 to 20 
per cent concentrations, (3) regional anes- 
thesia with novocain, i per cent. 

Tecbiiic for Transpleural Approaches for 
Diaphragmatic Heriiia and Tumors of the 
Lower End of the Esophagus or Fundus of the 
Stoniach. For this procedure, we have 


1 1 


borrowed from our experiences with other 
thoracic operations. The course these pa- 
tients have taken has been of particular 
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Fig. 4. Anestliesia chart for transpleural approach for 
resection of cardia of stoniach. 


interest and value. Here we are not dealing 
with an impaired respiratory or circulatory 
system, yet we must remember certain 
fundamental essentials. A placid field in 
which the activity of the diaphragm must 
be curtailed and billowing efl'ect of the lung 
removed, can be obtained by intratracheal 
cyclopropane followed by injection of the 
phrenic nerve with novocaine when the 
thorax is opened. The lung collapses so that 
it is necessary to re-expand it at fifteen to 
twenty minute intervals, \\fith this ap- 
proach and technic, certain disturbing 
factors have been greatly ameliorated. 
Relaxation is no problem, for with the ribs 
removed and the tissues retracted, the 
exposure of the lower esophagus and upper 
stomach is obtained and maintained with 
facility. The ballooning bowel of the ab- 
dominal contents is absent, as are the usual 
complications of chest pathology. These 
patients seem to tolerate these procedures 
fairly well. (Fig. 4.) 

Procedure. The procedure for the pre- 
ceding technic is as follows: (i) medication, 

(2) Levine tube through the nose for gastric 
drainage is employed for stoniach cases, 

(3) intubation under topical cocaine or 
larocaine, (4) regional infiltration and 
paravertebral block with novocaine } •? to i 
per cent, (5) gradual induction with cyclo- 
propane in concentrations of 15 to 20 per 
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cent, and (6) injection of the plircnic nerve 
witii novocainc } J per cent, 

COMPLICATION OF CVCI.OPKOPANF 

Some of tile more common complications 
will be considered; 

1. Cardiac Arrhytbmio. I^obbins'- con- 
cludes that arrhythmias occur with cyclo- 
propane when morpiiia is added to the 
])entobarbital sodium and scopolamine for 
prcmcdication. In this scries, a proui) of 
patients were run with this technic but 
some still developed minor cardiac ar- 
rhythmias, therefore, morphia has not been 
eliminated in this series. 

The arrhythmias observed have not been 
severe and have all disappeared before the 
operation was finished. It is believed that 
in some cases an addition of o.vvpcn to the 
mixture, or shifting to nitrous-oxygen for a 
few minutes has caused the arrhythmia to 
disappear. On the other hand, the majority 
have vanished’^ with deepening the level of 
anesthesia. It has been observed, however, 
that with the perfected induction, namely, 
carrying the patient to a second plane of 
third stage (Gucdcl), before even preparing 
the field of operation, and combining cyclo- 
propane-oxygen with regional novocainc 
anesthesia has practically eliminated ar- 
rhythmias. Another observation has been 
that with the reflexes under complete 
control (in second plane of third stage) the 
reflex spasm of the larynx (glottis) together 
with cardiac arrhythmias have been prac- 
tically eliminated. A quick and more 
complete Induction has been facilitated bj' 
substituting atropine for scopolamine in 
the preliminary medication when cyclo- 
propane is used. 

2. Apnea. As has been stated, in the 
patient with extensive bilateral disease, the 
absorptive surface of the lung is reduced 
both for oxygen and anesthetic. For this 
reason the more extensive the disease, the 
more difficult the administration of the 
anesthetic. The tidal air becomes lowered 
and the reflexes are more difficult to con- 
trol. It is in this type of patient that 


complications arc more apt to occur. The 
margin between the normal functioning 
respiratory center and apnea (paralysis of 
the rc.si)iratory center) is very narrow. 
As a result, the induction is usually pro- 
longed and apnea develops very easily and 
very often is repeated several times during 
the operation. One minute the patient is 
phonating and crowing with laryngeal 
stridor and the next minute he is in com- 
plete apnea. In experienced hands this is 
not a serious complication. With sufficient 
o.vygen under controlled respirations by 
rhythmical pressure on the rc-breathing 
bag the patient is kept in a perfectly nor- 
mal clinical course. As soon as the cyclo- 
propane concentration in the respiratory 
center is lowered and the hydrogen ion con- 
centration is raised, the patient spontane- 
ously breathes normally, with return of 
normal respiratory center function. To 
prevent return of respiratory spasm and 
phonation, cyclopropane has to be added 
immediately. Guedel produces’^ apnea in- 
tentionally to relieve the patient of ar- 
rhythmia, or to suspend the motion of the 
lung in intrathoracic operations. 

Hypoxia, or state of insufficient o.xygen, 
maj' also develop with hypopnea, and if 
unrecognized and untreated may lead to 
apnea with further deprivation of oxygen 
leading to anoxia. The hypopnea may 
be due to the action of an overconcentra- 
tion of the anesthetic on the respiratory 
center or a partially obstructed airway. 
With cyclopropane the color of the patient 
is no guide to the degree of suboxygenation 
as the patient remains pink, but the 
synchronization of the chest and abdomen 
disappears, the blood pressure becomes 
elevated and arrhythmia of the heart may 
develop. The treatment is establishment of 
a patent airway and adding o.xygen under 
rhythmical positive pressure if necessary. 

The possible causes of apnea are: (i) 
Insufficient depth of anesthesia with cyclo- 
propane with reflex respiratory spasm; (2) 
narrow margin between apnea and reflex 
control level of anesthesia; (3) excessive 
carbon dioxide absorption and anesthetic 
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concentration; (4) excessive premedication, 
and (5) hypoxia. 

. 3. Blood Pressure Variatioii. The blood 
pressure variations observed in chest sur- 
gery have been difl'erent from those seen in 
other types of operations. 

In the emotionally stable, good condi- 
tioned patient, a level clinical course may 
be maintained in all the various types of 
chest operations. In the patient with high 
metabolic rate, and especially with debility 
and low vital capacity, whether given 
regional anesthesia and cyclopropane-oxy- 
gen combined or paravertebral anesthesia 
alone, the blood pressure usually rises 
rapidly with a corresponding drop in the 
course of one-half hour. 

Lobectomies and pneumonectomies for 
bronchiectasis and lung tumor follow a 
remarkable normal blood pressure course 
with the combination of regional anesthesia 
and intratracheal cyclopropane-oxygen, 
even for operations lasting three to six 
hours. If there is excessive loss of blood or 
difliculty in the lysis of adhesions, or if 
extreme traction on the lung is required, a 
marked drop in blood pressure usually 
ensues. 

In the first cases of the series, the few 
that were done with cyclopropane oxygen 
without regional anesthesia showed much 
more depression of blood pressure. 

When the blood pressure falls twenty 
points below the patient’s preoperative 
level, various drugs may be used. About 
five years ago, it was thought that cor- 
amine, 2 cc. subcutaneously, gave satis- 
factory results. This was replaced by 
ephedrine, gr. ‘pl, pitressin cc. (Bourne^^) 
which was also believed to stimulate the 
circulation. The results of both of these 
technics were %"ery questionable as to 
whether the blood pressure was effected by 
them or the fluid therapy. In the last year 
neosynephrine,'^ m. i, intravenously or m. 
4 intramuscularly, has given very definite 
beneficial results in almost 100 per cent of 
these cases. If the desired results are not 
obtained after fifteen minutes, the same 
dosage is repeated. 


4. Loss of Body Fluids. To counteract 
the loss of blood and bod}' fluids and to 
prevent depression of the circulation, 
glucose in saline, 5 per cent, is adminis- 
tered intravenously before the operation is 
started after the induction of cyclopropane. 
In regional anesthesia local novocaine, r 
per cent, is used at the site of venepunc- 
ture. During the operation, 1,500 to 2,000 
cc. of fluid is administered. If the circula- 
tion fails in spite of glucose solution, 500 cc. 
of donor’s blood is added to the venoclysis. 
Patients with marked debility and those 
for lobectomy and pneumonectomy receive 
transfusions of blood for supportive or 
preventive measures preoperatively. 

5. Nausea and Vomiting. Vomiting and 
nausea are a definite sequelae of cyclo- 
propane anesthesia. The large majority of 
patients will vomit at least once on the 
revival of the vomiting reflex, and a small 
proportion have spells of nausea and 
vomiting for several hours; but the degree 
of this complication is not of the same 
intensity as with ether, and there is not the 
manifestations of acidosis or prostration 
with this gas as there is with ether. About 
I per cent of the patients will have spells of 
nausea and vomiting for twenty-four hours. 

E.xplosions. Unfortunately, due to sev- 
eral fotal explosions, some medical groups 
have condemned cyclopropane. According 
to the Bureau of Mines, ether is the highest 
explosive of all anesthetics in the proper 
proportion with oxygen. Nitrous-oxide- 
ether mixtures have the highest explosive 
range. 

Waters has administered cyclopropane 
to*® 17,800 patients at the Wisconsin 
General Hospital since 1932 and Roven- 
stein to more than 50,000 patients in five 
years at the BeIle^me Hospital, with no 
explosions. The only precaution used at 
these hospitals is personal contact by the 
anesthetist with the patient and with all 
objects within his reach before the anes- 
thetic mixture is used, in order to equalize 
potentials of static electricity and to 
eliminate fire or electric current from the 
operating room. 
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The Horton mcgohn has been used in 
Boston since 1939, From a megohn at- 
tached to the gas machine four wire leads 
pass to the anesthetist, patient, operating 
table and ground. This apparatus equalizes 
the potentials of static electricity in all of 
these objects. By requiring everyone com- 
ing into the region of this hookup to 
contact the apparatus remote from the 
rebreathing circuit, all potentials of static 
electricity are eliminated. Other precau- 
tionary measures which should be observed 
are the prevention of fire or heat and 
electrical apparatus of any sort from com- 
ing in contact with the anesthetic mixture 
in the region of the rebreathing circuit of 
the gas apparatus. All electrical appliances 
with the exception of the low powered la- 
ryngoscope and extension operating lamps 
have been discarded. The surgeons are of 
the opinion that they would rather do 
without the clectrosurgical instruments 
and appliances than to give up the benefits 
of cyclopropane to the patient. 

POSTOPERATIVE CARE 

At the earliest moment, usually when 
the surgeon is closing the chest cavit3', in 
open thoracic operations or suturing the 
skin in extrapleural cases, the anesthesia is 
lightened bj”^ washing the patient’s respira- 
tory tract with 1 00 per cent oxygen under 
5 to 6 mm. of mercur}' pressure. If this 
procedure is timed properly, the cough 
reflex and early return to consciousness 
may be anticipated. As soon as the dressing 
is applied a No. 16 to 20 gauge French 
catheter is inserted into the trachea 
through the nose for aspiration of secre- 
tions from pharjmx and trachea. 

By this time the patient is conscious or 
semiconscious. Transfer to bed is made at 
once and the patient is given oxj'gen by 
tent, oropharyngeal catheter, or B. L. B. 
Mask administration. O.xygen therapy is 
continued until the blood pressure, pulse, 
respiration and color are stabilized within a 
normal clinical range. 

In placing the patient in bed, except in 
pneumolj'^sis and extrapleural pneumo- 


thorax, the operative side is alwa3's depend- 
ent for hemostasis, to relieve pressure on 
the healthiest lung, to aid respiratory 
exchange and to support the circulation. A 
pillow is placed under the back to relieve 
pressure on the unaffected lung so that the 
patient lies at an angle of fort3"-five 
degrees. 

Intravenous glucose 5 per cent is started 
in the arm at once. Dependent upon the 
amount of intravenous fluids the patient 
has received during the operation, 3,000 
cc. is well tolerated for the average patient 
in si.v hours. If the patient is still in any 
degree of shock, a transfusion of donor’s 
blood is run through the intravenous 
system. 

If the blood pressure is below normal or 
failing, neos3mephrine m. i is injected 
directl3' into the intravenous infusion. 

The opiates are given sparingh' to 
prevent postoperative depression of res- 
piration and circulation. B3' limiting the 
sedation, the patient is more able to cough 
and raise secretions, thus decreasing the 
possibilit3’ of the spread of disease and 
atalectasis. Pantopon is preferred, as it has 
less depressing effect on the respirations 
and clinicall3' produces less nausea and 
vomiting than morphia. If pantopon caus^ 
an3' untoward complications, dilaudid is 
substituted. 

Table i 


i 

Type of Cases , 

i 

j No. of 
Cases 

No. of 
Deaths 

1 

Thoracopl asty - 

1 1 

J939 ' 

43 

E\trapleural pncumonolysis 

39 ' 


Open pneumolysis 

6 


closed pneumolj'sis 

173 


Lobectomv. . , 

77 

1 1 

Pneumonectomy 

54 

7 

Lung abscess 

1 13 

1 24 

Empj ema 

5 


Cardiac surgerj’ 

5 


Diaphragmatic hernia 

5 1 


Transpleural gastric resection 

2 1 

1 

Total 1 

: 2420 j 

1 1 



The deaths in this series from all causes 
in a postoperative period of three months 
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twenty-eight cases, and that was due to a 
sulfanilamide reaction. 

Deaths directly attributed to the anes- 
thesia number six, of which none is found in 
the large thoracoplasty group. 

Hemorrhasie in the bronchus is a hazard 
which is difficult to overcome. In the chart 
below of a lobectomy, it will be seen that 
this accident requires but a few minutes to 
alter an uneventful course to that of a fatal 
outcome. The clot in the bifurcation of the 
trachea was too large and solid to be 
aspirated. (Fig. 5.) 

Shock was the prime factor in the death 
of a forty-one-year old male with carci- 
noma of the lung, for which pneumonectomy 
was perfonned. At the conclusion of a four- 
hour operation, his pulse was 130 and blood 
pressure 90./60. Upon his return to the 
ward, in spite of transfusions and oxygen, 
he developed an irriversible state of shock 
and expired one hour later. An elevated 
blood pressure with a rapid pulse during 
the first hour of surgery may have been 
evidences of a hypoxic state from which he 
did not recover despite a tranquil course 
during the last three hours of surgery. 

The other fatality in the pneumonec- 
tomy group was due to diabetic coma. The 
clinical chart of this twenty-four-year old, 
white female with pulmonary tuberculosis 
revealed no untoward changes. Except for 


into coma with the characteristic picture of 
diabetic acidosis and expired. 

The cause of death in a twenty-eight- 
year old, white female with bronchiectasis 
for which lobectomy was instituted is 
obscure. Although the patient was under 
anesthesia for seven hours, during which 
time there were no periods of obstruction 
or apnea, she showed only slight variations 
in blood pressure and pulse. Her cough 
reflex had returned for completion of the 
postoperative bronchoscopy. The following 
morning she was semicomatose and showed 
a paresis of the left side with a positive 
Babinski test. A left-sided paralysis soon 
followed and she expired. This case appears 
similar to the encephalopathy described by 
Courville^' in nitrous oxide and ether anes- 
thesia, but wherein the anoxia developed in 
this instance is puzzling since the common 
factors as obstruction and stagnation were 
not present. 

Death occurred in a fourteen-year old 
boy with massive fibrosarcoma which oc- 
cupied two-thirds of the thorax. At the 
end of a three-hour attempt to afford 
palliative relief, the heart stopped while 
dissection of the tumor from this organ was 
taking place. The boy ran a pulse of 140 
and his respirations were shallow through- 
out, although his color and blood pressure 
were good. 
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A cerebral accident, whether embolic or 
hemorrhagic was the cause of a fatality* in 
the lung abscess series. The patient was a 
sixty-five-year old, plethoric, hypertensive 
male who was being drained for the second 
time. The anesthesia was a procaine hydro- 
chloride infiltration with positive pressure 
o.vygen. Following cauterization of the 
abscess, the patient became irrational and 
began to struggle. Administration of oxy- 
gen was continued but the patient expired. 

SUMMARY 

In summary, cyclopropane-oxygen com- 
bined with regional novocaine anesthesia is 
employed in operations for empyema, 
selected thoracoplasties, extrapleural pneu- 
mothora.v, pneumonectomies, lobectomies, 
diaphragmatic hernia, esophageal and up- 
per stomach and cardiac surgery. 

Thoracoplasties in tubercular patients in 
very poor physical state are performed with 
paravertebral novocaine r per cent with- 
out cyclopropane-oxygen. Local infiltration 
with novocaine is employed solely in 
internal pneumolysis and with positive 
pressure lOO per cent oxygen in lung abscess. 

Intubation ndth balloon cuff catheter is 
carried out in pneumonectomies, lobec- 
tomies, diaphragmatic hernia, esophageal 
and stomach surgery when performed 
through transpleural approach and cardiac 
operations. 

Positive pressure is used 0013"^ when one 
or both pleural cavities are intentionally' or 
accidentally' opened, and for lung abscess 
operations. 

These technics employed in the different 
types of thoracic surgery' have approached 
the ideal of anesthetic procedures. They 
have been proved to be safe for the patient 
as shown by the extremely low mortality 
and morbidity. The benefits derived from 
these methods are: (i) The elimination of 
irritating and toxic anesthetics; (2) the 
prevention of hy'poxia of the respiratory' 
center and vital organs; (3) the prevention 
of excessive secretions; (4) they provide 
an ideal means of controlling exc^sive 
secretions; (5) a rapid, smooth induction is 


made possible in the large majority of 
cases; (6) control of refie.xes during anes- 
thesia is maintained with low concentra- 
tion of anesthesia and a high concentration 
of o.vygen, and (7) early return of cough 
reflex and consciousness is made possible. 

CONXLUSIO.N'S 

Procedures of anesthesia for thoracic 
surgery have been presented. Preoperative 
treatment, care of the patient during anes- 
thesia and postoperative management have 
been outlined. 

Technics for various thoracic operations, 
the usual complications and their treat- 
ment have been described. 

As a result of our experiences with over 
2,000 cases, we find that cyclopropane 
is a safe anesthetic agent, but that its value 
is enhanced by' the supplement of regional 
anesthesia. We have seen no untoward 
effects from routine intubation in the 
intrathoracic procedures, or in the opera- 
tions on the heart, esophagus or stomach; 
on the contrary, the intratracheal tube 
with the inflatable cuff has been a consider- 
able if not invaluable adjunct. 

Differential pressures have been em- 
ployed in lobectomies and lung abscesses 
without incident. 

The details of six operative deaths ha^'e 
been portraved. Out of these only' two may' 
be said to have contributed directly to the 
fatal conclusion. 
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Gr.aves' disease in children begins usually on a previously existing 
simple goiter or possibly seldom primarily as such. Just such children 
furnish the best argument for those who contend that there is a preceding 
simple goiter in all cases of Graves’ disease, adults as well as cliildren; for 
the papillations are always formed in widely distended follicles. Acute toxic 
goiter without eye signs is rare in children but may precede the exophthal- 
mos by some months. 
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OSTOP ERATIVE pulmonary atelecta- 
sis and the more extensive massive col- 
lapse are receiving progressively more 
consideration as possible complications of 
operative procedures. In many localities, 
however, they are still being considered as 
pneumonias and their follow-up course will 
certainly bear this out, since an unrelieved 
atelectasis will, in a great man}^ cases, 
terminate as a pneumonitis or pneumonia. 
Too many men have the idea that the 
only true expression of this condition has, 
as its minimum lesion, a complete lobar 
collapse with its mediastinal shift, and fail 
to realize that there are minor lobular in- 
voh’ements which, although the}^ do but 
rarely cause fatalities, contribute con- 
siderably to postoperative morbidity, and 
in some instances lead to pneumonia. 

Postoperative atelectasis was first de- 
scribed by William Pasteur,* an English- 
man, in igo8. His original article was 
followed bj' several more in which he 
established massive collapse of the lung as 
a postoperative clinical entity. It was not 
until 1921 that the first report of this con- 
dition was made in the American literature 
by Scrimger,- of Montreal, and in 1924 by 
Leopold,^ of Philadelphia. Since that time 
there has been increasing knowledge and 
recognition of the role of atelectasis as a 
possible pulmonary complication post oper- 
atively, and it is gradually- replacing the 
previously all-responsible pneumonia. 

Considerable confusion arises in the 
present concept of this condition, possibly 
from the Inconcise application of the terms 
and boundaries of the terms, atelectasis 
and collapse. They are generally used inter- 
chanceablv; for consistencv it would seem 
better to make a distinction. One can 
classify all lesions of the type about to be 
described as atelectasis, and grade them in 


extent as lobular, lobar,*-® and multilobar, 
depending on the extent of involvement. 
These terms are logical and self-explana- 
torj'; lobar and multilobar should designate 
involvement of the greater portion of one 
lobe, or of more than one lobe, whichever 
the case ma}"- be, with increased intra- 
pleural negative pressure, extensive col- 
lapse of alveoli, mediastinal shift and 
elevated diaphragm. These correspond 
more or less in extent to the more popular 
massive collapse and are truly massive 
atelectasis. The lobular lesions are com- 
parable to those in bronchopneumonia, 
being patchy or confluent, the findings are 
more indefinite and the extent of involve- 
ment less than that found in the lobar 
type. 

In true collapse of the lung, an entity in 
itself, the picture is somewhat different.* 
In it, the underlying pathology is due to a 
decrease in intrapleural pressure (decrease 
in negative pressure), rather than an in- 
crease in negative pressure as is seen in 
atelectasis. Using artificial pneumothorax 
as an example, the picture is that of a com- 
plete collapse of the lung due to the intro- 
duction of air or gas (positive pressure) by 
some mechanism into the pleural cavity. 
The mediastinal shift, if any, is away from 
the involved lung. On .\-ray, the collapsed 
area shows ver\- little density and is only 
faintly visible, a decidedly different picture 
than that found in atelectasis. Atelectatic 
lung tissue contains some air; collapsed 
lung tissue none.' Atelectasis represents 
the changes found in the lung due to in- 
creased intrapleural pressure; collapse rep- 
resents those changes due to decreased 
pressure. The term, “collapse,” will be 
used henceforth in this article as denoting 
a pathological state of the alveoli, rather 
than an entity as referred to aboi c, rescir’ 
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ing “atelectasis” as the term to be used to 
include the whole group to be described. 

Habliston/ and Coryllos and Birnbaum,® 
have made studies that confirm the fact 
that in atelectasis there is an increase in 
negative pressure in the pleural cavity of 
the involved lung. Normal intrathoracic 
pressure is said to be about minus 70 mm. 
of water on inspiration and minus 40 mm. 
on expiration. In atelectasis, the pressure 
is reported as ranging from minus 150 to 
250 on inspiration to a minus 75 to 150 
on expiration, or more. One case is reported 
as being as high as 442 mm. over 337.^ 

By stressing some of the more salient 
points in the development and course of 
atelectasis and emphasizing the need for 
early effective treatment, some attention 
might be brought to the value of post- 
operative care which is all too frequently 
neglected and certainly not emphasized 
enough in the medical literature. To many 
it may seem that too much stress is laid on 
conditions that are considered as logical 
sequelae to operations, but timely treat- 
ment of these so-called minor conditions 
will more than repay the surgeon for his 
effort in detecting them. 

Atelectasis is not the only offending 
lesion in postoperative complications, but 
is frequent enough and important enough 
to deserve special note. Although no defi- 
nite incidence can be determined, it is 
safe to saj* that atelectasis constitutes a 
considerable proportion of postoperative 
pulmonary complications, which in turn 
constitute a major portion of early post- 
operative pathology. 

ETIOLOGY 

Some writers believe that atelectasis is 
caused entirely b}*^ some form of bronchial 
obstruction, principal!}’- a mucous plug 
that has lodged in the bronchi; there are 
others who believe that this is combined 
with the added factor of diaphragmatic 
paralysis. Since the majority of lesions 
occur at the bases of the lungs, it is quite 
logical to assume that the diaphragm and 
also the subdiaphragmatic viscera play a 


part in its causation. In the recumbent 
position assumed by the patient both 
during the operation and following it, the 
lower lobe bronchi are not in a dependent 
position and should be no more prone to 
plugging than any other lobe, still the 
incidence in the lower lobes is much 
greater. Whether diminished excursion of 
the diaphragm or splinting due to pressure 
from below during the operation, due to 
reflex paralysis from trauma to the celiac 
plexus or due to generalized debility and 
surgical shock, plays a part in the devel- 
opment of atelectasis, is problematical, 
but it seems very probable. Plugging of 
the bronchi is present in the majority of 
cases, whether primarily or secondarily, 
and probably plays a most prominent part 
in the causation of lobar atelectasis, while 
on a smaller scale plugging of the bron- 
chioles causes the lobular lesions. The role 
of the diaphragm, however, must not be 
minimized. 

Working on the assumption that plug- 
ging of the bronchus from secretions or 
foreign bodies present there, and factors 
diminishing expansion of the lung are the 
chief causes of atelectasis, there are numer- 
ous contributing conditions that play a 
part. Approaching the situation from the 
standpoint of the bronchi, we have the 
chief and most popular cause in chronic 
bronchitis. With the already productive 
nature of bronchitis, there is an added 
incentive in the use of irritating inhalation 
anesthetics. Peculiarly enough, atelectasis 
occurs after spinal anesthesia and causes 
an associated hypersecretion of the bron- 
chial mucosa. The statement is frequently 
made that atelectasis is as frequent after 
spinal or local anesthesia as it is after 
inhalation; this is probably true only in 
part. Upper abdominal operations are par- 
ticularly apt to cause atelectasis with any 
type of anesthesia, while in nonabdominal 
operations the incidence is contrarily low. 
Rink® sets the percentage of chest (all 
types) complications after abdominal op- 
erations as 14, after nonabdominal as i 
per cent. Elkin states that after upper 
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abdominal operation, lo per cent of his 
patients developed serious pulmonarj'^ com- 
plications, while the morbidity of patients 
postoperatively in all cases was 3 per cent 
with 40 per cent of those dying. The fre- 
quenej’^ of chest complications following 
upper abdominal procedures is probably 
enhanced by the splinting and subsequent 
paralysis of the diaphragm from packing 
and retraction at the time of operation. 
Either at that time, or later, from tem- 
porary weakness of the diaphragm, there 
is collapse of the alveoli at the base of the 
lung and diminished aeration. A combina- 
tion of factors causes secretion of the 
bronchi with stasis and later plugging. 
There appear to be two modes of develop- 
ment of atelectasis: One is the series of 
changes that follows an out-and-out plug- 
ging of a bronchus or bronchiole with 
subsequent absorption of air distal to the 
occlusion and a collapse; the other is that 
which follows a collapse of lung tissue 
from pressure below with formation of a 
secondarj* bronchial plug from stasis of 
bronchial secretions. In most cases, no 
doubt, there is a combination of these 
factors to form the atelectatic lesion. 

Diminished aeration of the lungs predis- 
poses to the development of atelectasis. 
This, together with abolition of the cough 
reflex, would promote stasis of material in 
the bronchi which could lead to plugging. 

Probably a factor in addition to dia- 
phragmatic paralysis is the splinting of the 
abdominal wall musculature cither reflc.xly 
from underlying peritoneal irritation, or 
from the voluntary response of the patient 
to pain in the area of the incision. This 
could materially decrease the depth of 
respirations. It takes on added significance 
in the male, the so-called abdominal 
breather. In support of this is the much 
greater incidence of atelectasis in men 
than in women, 4:1. The greater incidence 
of bronchitis in the male also claims 
consideratif)n. 

Prolonged recumbent position is a factor. 
Postoperative distention, especially from 
an acutelv dilaterl stomach mav cause 


enough pressure to splint the diaphragm in 
an elevated position, thereby causing pres- 
sure on the base of the lung. There is also a 
definite correlation between the incidence 
of atelectasis and the presence of drainage 
for suppurative appendicitis.® The inci- 
dence of pulmonar}' complications increases 
with age, coincident with the increase in 
prevalence of bronchitis, and also of the 
greater reaction of a patient to pain from 
an operation. The injudicious use of 
morphine postoperatively, although bene- 
ficial for the relief of pain, in those doses 
suppresses respirations sufficiently to be a 
factor. Elkin,^* however, advocates a 
sufficient amount of morphine to allay the 
pain of coughing. 

A study would probablj' show that the 
incidence of pulmonary complications fol- 
lowing operation is on the decline with the 
advent of improved methods in anesthe- 
siology, both in the choice of anesthetic 
agents and the improved methods of 
administration. With the improvement of 
surgical technic, the prolonged deep anes- 
thesia of bygone days has been largely 
abolished. 

In institutions using the newer types of 
anesthesia, it is not uncommon to hear the 
“old-guard” of both doctors and nurses 
rally to the side of the old styled anesthetist 
with the statement that the incidence of 
complications is greater with the newer 
closed methods of anesthesia in vogue. In 
previous times anesthesia was given with 
partial anoxia and the associate increase of 
pulmonary carbon-dioxide tension in the 
alveoli; this kept the patient breathing 
deeply and in that way provided one of 
the most potent prophylactics against the 
development of atelectasis. Although this 
state may have been beneficial in one 
respect, it has been found to be very detri- 
mental to body physiology. 

With the apparent variability in findings, 
the numerous factors in the cause and 
development of atelectasis, and the multi- 
plicity of contributions, it is seen that 
postoperative atelectasis is a complex state, 
and because of its relative infancy is open 
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to considerable contiwersy and leaves 
much to be learned by further observation. 

PATHOLOGY 

In the more extensive lesions vith in- 
volvement of one or more lobes, the pathol- 
ogy is clear cut. There is a collapse of the 
lung tissue with a resultant shifting of the 
mediastinum and heart to the involved side 
along with elevation of the diaphragm 
caused by the increase of negative pressure 
in the pleural cavity. At first there is a 
collapse of the alveoli in the involved area, 
but after several hours, if the condition is 
unrelieved, the lung tissue becomes moist 
and edematous. After twent^’-four to forty- 
eight hours, the process becomes irrever- 
sible, interstitial changes take place, and 
pneumonia and later possibly bronchiec- 
tasis or fibrosis ensue. Combined with any 
of these conditions, there may be a super- 
imposed suppuration. This is true in the 
acute upper respiratory infections in 
which the aspiration of infected discharge 
and secretions would lead to more severe 
lesions and would be more apt to produce a 
suppurative sequel to the atelectatic 
state. 

In the lesser lobular lesions, the picture 
is more variable. The areas of involvement 
are patchy and the presence of clinical 
signs depends entirely on the location of 
the involvement. If the areas are near the 
surface of the lung, findings such as dimin- 
ished breath sounds, rales, etc., are in 
evidence. If the lesion is basilar, in all prob- 
abllitv findings will include, in addition, 
elevation and diminished excursion of the 
diaphragm. Should the lesion be more dif- 
fuse, the findings would more closely 
resemble those of the lobar type. Appar- 
ently the reaction of the body with fever, 
tachycardia, hyperpnea and possibly dysp- 
nea and cyanosis, is due to the rapidity of 
onset of the condition, for it has been noted 
that in the more slowly developing lesions 
in the chest, that is, not postoperatively 
with associated atelectasis, these findings 
are less marked and are often absent."* 


SYMPTOMATOLOGY AND DIAGNOSIS 

There are several factors that should be 
considered before entering into a discussion 
of the symptomatology of atelectasis. Some 
of the statements may appear quite dog- 
matic at first glance, but to atelectatic 
enthusiasts, the}*^ seem quite logical. First 
of all, it might be stated that in uncom- 
plicated surgery, that is surgery in non- 
infected cases, and cases which have no 
associated infection to the condition being 
operated, any pathological condition occur- 
ring in the first twenty-four hours, if there 
is a febrile response, is in most cases the 
result of anesthesia and can be strongly 
suspected as being intrapulmonary. One 
of the first and most reliable signs is a 
sudden elevation of fever above that nor- 
mally thought to be a reaction to surger}’. 
Such diseases as urinary tract infection, 
upper respiratory infections and visible 
evidences of infection elsewhere should be 
eliminated as factors. A routine chest 
examination should be made for there 
might be a lesion present in addition to 
pathology elsewhere. In spite of the fact 
that no pathogonomonic signs are found in 
the chest, and if the fever is associated with 
elevation of the pulse and respirations 
above what would seemingly be the level 
for that height of fever, on probabilities, 
the patient should be given treatment for 
atelectasis. Certainh' a portion of these 
cases will be pneumonias, or one of the less 
common pulmonary lesions, but a much 
smaller percentage than is commonly 
thought. Others may be the expression of 
an endocarditis or septicemia, the rekin- 
dling of an old infection, etc., but these will 
be detected in due time and no harm has 
been done by the type of treatment in- 
stituted for atelectasis. 

Another consideration is the use of rectal 
temperatures. Too much emphasis cannot 
be placed on the value of periodic rectal 
temperature readings postoperatively in 
the suspected period. There is a good deal 
of inaccuracy in mouth temperatures in an 
operative patient who breathes partially 
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through his mouth either because of some 
dyspnea, stupor or the general lack of con- 
centration which follows anesthesia. Rectal 
temperature readings give an accurate 
account of the febrile response of the bodj' 
and in a condition such as this are 
invaluable. 

One of the chances for error in examina- 
tion of the patient lies in the postural 
diminution of aeration of the lung on the 
splinted underside when the patient is 
turned to be examined. Turning of the 
patient, however, is not to be condemned 
but should be condoned, for this procedure 
frequently aids in dislodging small plugs 
of mucus in the bronchial ramifications by 
increasing the depth of breathing in the 
upper lung and also placing it in a better 
position for drainage. 

As stated before, the most suggestive 
finding in the postoperative atelectatic 
patient is the sudden rise in temperature 
above average in the first twenty-four 
hours after operation and generally in the 
first eight hours. Usuallj'^ the rapidity of 
rise and the degree of rise are an indication 
of the extent of involvement, but this is 
not necessarily true. With this rise in 
fever, there is an acceleration of pulse out 
of proportion to the fever. This again is 
quite significant, for it gives an indication 
as to the amount of shift of the medi- 
astinum and heart. Generally the pulse 
rate is from 120 to 140 beats per minute, 
but may run higher in the more severe 
cases. Concomitant with the rise in tem- 
perature and pulse is the rise in respiratorj'^ 
rate. This maj'^ be mild or severe depending 
on the amount of lung space compressed. 
Commonly in the less severe lesions, the 
rate becomes 28 to 30 per minute, but in 
the severe cases, it may rise to 50 or 60. 
Cyanosis of some degree is usually present; 
dyspnea also varies with the extent of the 
lesion. Dilatation of the ali nasi is often 
suggestive. 

In examining the chest, numerous vari- 
able and often unconfirmatory signs are 
found. The first thing to be observed is the 
position of the apical impulse of the heart. 


as to whether there is a shift in anj^ direc- 
tion, that is, to the right or left or even 
upward. Minor deviations are frequently" 
overlooked because of the normal varia- 
tion in the location of the impulse, and also 
the indefinite fixation before operation, 
which, although remediable, may be some- 
times justified. Typically", the lungs should 
show an area or areas of diminished breath 
sounds, depending on the extent of the in- 
volvement. If these are absent, it may 
frequently" be assumed that the area of 
atelectasis is not on the surface where it 
can be detected. Bronchial breathing at 
times can be heard in areas where the ob- 
struction is only" partial and the breath 
sounds are conducted to the surface by" the 
condensed collapsed lung. At times so- 
called atelectatic rales are present ema- 
nating from the distending alveoli adjacent 
to the collapse. The lung findings also may" 
be overshadowed by moist rales that are 
caused by the productive bronchitis al- 
ready" present. Edema that has developed 
from an unrelieved condition may" cause 
rales if some air is transmitted into the 
atelectatic area. Changes in the conduc- 
tion of fremitus and of breath sounds, lag 
of the chest wall, dullness to percussion, 
etc., aid in confirming the picture. Highly" 
suggestive is the spontaneous cough and 
sometimes expectoration of mucoid or 
mucopurulent material when the patient is 
turned on the uninvolved side. Some men 
have attempted to correlate the vital 
capacity of the lungs postoperatively", but 
there have been no conclusions as to the 
association with pulmonary" conditions. 
Logically, the capacity" of the lungs should 
be diminished according to the degree of 
involvement. 

Because of the added expense, the use of 
x-ray is usually omitted in most private in- 
stitutions, unless demanded. The ty"pical 
finding is an area of density" showing the 
involvement of the lung area with a medi- 
astinal shift and elevation of the diaphragm 
depending on the degree of involvement. 
The appearance of a shadow on the x-ray" 
is said to depend on the existence of edema 
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and inflammation in the collapsed portion 
of the lung. This reaction takes place 
several hours after the onset, so it is impos- 
sible to say whether the very early lesions, 
especially the minimal ones, would produce 
a shadow. In the more extensive lobar 
involvement there is also a narrowing of 
the costal interspaces. 

One must not forget that atelectasis does 
not alwavs occur immediatelv following; 
operation. It can occur after several days 
and has been known to recur several times. 
The development of these cases depends 
upon the presence of material in the 
bronchi which on occasion plugs them and 
atelectasis ensues. 

Atelectasis also occurs from obstructive 
lesions such as neoplasms, the aspiration of 
foreign material, etc., but these conditions 
are not in the scope of this article. 

The duration of the atelectatic state 
depends on the nature and ease of eradi- 
cation of the condition that prevents 
aeration and re-expansion of the lung. 
One might reasonably question the accu- 
racy of diagnosis in lesions, which often 
expectorate no mucous plug, to at least 
give some definite evidence of the existence 
of atelectasis. It certainly may be assumed 
that in a case after treatment that shows 
an immediate and almost dramatic drop 
of the temperature, pulse and respirations 
to almost normal and remaining there, has 
been relieved of an atelectasis. In my ob- 
servation, the return to normal or there- 
abouts of the thermal, circulatory and 
respiratory systems has been the criterion 
for relief of the condition. Chest findings 
are in the main unreliable. Usually, there 
is return of breath sounds of some degree 
following the removal of the bronchial 
obstruction, however, the remaining signs 
sometimes take several days to return to 
normal, especially if the condition is of 
several hours’ duration and edema has 
developed, the so-called drowned lung.^ 

Atelectasis may be confused with all 
types of pulmonarv lesions and differentia- 
tion is often difficult. The use of .v-ray is 
beneficial in differentiation and should be 


resorted to when doubt arises. Confusion 
with pleural effusion can be allayed by the 
use of thorocentesis. 

TREATMENT 

One may anticipate to a certain extent 
the type of patient that will develop atelec- 
tasis. The acute processes of the respiratory 
tract so frequently cause severe pulmonary 
complications following operation, that 
experience has taught this to be a definite 
contraindication to any surgery unless it is 
urgent. Chronic bronchitis, bronchiectasis 
or any of the productive processes of the 
respirator}' tree are prone to be trouble- 
some. Smoking is definitely irritating in 
certain individuals, causing a productive 
bronchitis and cough. In these cases, it 
might be wise to suspend the use of 
tobacco both before and after the opera- 
tion, especially before. In addition to trying 
to relieve these conditions as much as pos- 
sible preoperatively, it is quite important 
to make an intelligent choice of anesthetic. 
Because of the irritant action of ether, it 
should be omitted, if possible, and a less 
irritating agent be substituted. This deci- 
sion becomes mandatory in the more 
extensive lesions of the lungs. Intratracheal 
anesthesia is becoming more and more 
popular and gives the advantage of direct 
aspiration of the trachea and upper bronchi, 
both during anesthesia and immediately 
following operation. Hon’ever, it must be 
remembered that a tube in the trachea is 
irritating and may do much to aggrevate a 
pre-existing affair. Premedication should be 
given to diminish bronchial secretions, also 
smaller, less suppressing doses of opiates 
than are commonly used. 

Treatment of atelectasis is directed 
mainly at the release of mucus in the 
bronchi and re-expansion of the lung. The 
patient should be protected against expo- 
sure at any time and general resistance 
maintained by combatting shock. Proper 
preparation before operation is quite essen- 
tial and the gentle handling of tissues 
during technical procedure should be 
emphasized. Following operation, there 
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are several prophylactic measures that can 
be taken. Rebreathing deeply of the patient 
with a carbon-dioxide and ox3'gen (5 to 
10 per cent carbon-dioxide in oxygen) mix- 
ture before the patient awakens from the 
anesthetic, is frequently' practiced. This 
undoubtedly' re-expands areas in the lungs 
by promoting deep breathing. However, 
since the patient is not awake at that time, 
further co-operation in breathing deeply or 
in expectorating cannot as y'et be obtained. 
After the patient has reacted from anes- 
thesia, carbon-dioxide inhalations can be 
instituted at intervals of from fifteen 
minutes to an hour for several repeated 
doses. Frequent changes in position are 
advisable as a routine in patients predis- 
posed to forming pulmonary' complications. 
Although very' ill, the turning may' be done 
with care and the benefit derived therefrom. 

If atelectasis is present or even sus- 
pected, more rigorous treatment should be 
instituted. Carbon-dioxide and oxygen 
inhalations are immediately' given as one 
of the most potent treatments. The fre- 
quency and depth of respirations produced 
should depend on the severity' of the lesion 
and the amount of relief obtained. In the 
administration of carbon-dioxide, the pa- 
tient should preferably be rebreathed in a 
closed bag. A closed mask is applied over 
the nose and mouth to insure sufficient 
concentration of the carbon-dioxide mix- 
ture by eliminating the chance for escape 
of gas. The average length of rebreathing is 
from five to ten minutes, and should be 
given until a depth of respiration is reached 
at which the patient can no longer volun- 
tarily' withold breathing because of pain at 
the wound site. To promote drainage of the 
bronchi by' placing the patient on his 
uninvolved side while administering car- 
bon-dioxide is helpful. This is further 
improved by' lowering the head in the 
Trendelenburg position. In this position, 
the involved bronchus and lung are in the 
upper, freely'-expanding portion of the 
chest. Aeration of the lung is encouraged 
and the plugged bronchus has every' oppor- 
tunity' to drain dependently' into the 


trachea from where the mucus can be 
expectorated. There is also a possibility of 
bilateral involvement which should be 
treated by' frequent changes from side 
to side with inhalations. Frequently, a 
guarded blow (manual percussion) over 
the involved portion of the lung, Avill dis- 
lodge a plug, especially' when it is in opti- 
mal position for dependent drainage. An 
adjuvant is to support the abdomen 
manually to aid in coughing. Jacobsen 
and his co-workers® advocate the use of 
artificial pneumothorax in the treatment 
of the more extensive cases and have shown 
good results. The basis of treatment con- 
sists of the introduction of positive pres- 
sure into the pleural cavity' of the inv'olved 
side, to overcome the increased negative 
pressure caused by' the atelectasis and 
thereby restore the mediastinal balance. 
Also, by' the introduction of pressure, the 
bronchus is aided in forcing out the 
obstructing agent. This ty'pe of treatment 
contests that of bronchoscopic drainage as 
advocated by' Jackson,” Overholt et al.,” 
and others who show equally' satisfactory' 
results. Both methods of treatment are 
proficient in expert hands and when done 
under optimum conditions. Ordinarily', 
they' cannot be used as a routine, and 
should be reserved for the more severe 
cases. A concerted effort should be made to 
relieve the condition by' medical means 
before resorting to an operative procedure. 

In place of the hy'pnotic and more or less 
vegetative state of a patient that is kept 
under heavy' doses of morphine, the 
patient should be kept as little suppressed 
as possible. Considerable relief can be ob- 
tained by' the careful administration of 
sedatives and hy'pnotics without the accom- 
pany'ing marked suppression of respira- 
tion. Only' morphine will suffice in some 
cases, but the routine use of opiates in 
large doses postoperatively should be 
abandoned. Encouraged deep breathing is 
advised as a routine. The use of tight dress- 
ings and abdominal binders have created 
considerable comment as to their effect 
on the patient. A binder will by' compres- 
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sion necessarily diminish the depth of 
excursion of the diaphragm and lower 
chest, and consequenth’ diminish aeration 
of the lung. On the other hand, it will give 
the patient both a sense of support and 
also actual support so that he will be more 
willing to cough and try to expectorate 
mucus from the bronchi and trachea. An 
expectorant should be given, either b}’ 
mouth, or intravenously (as sodium iodide) 
if the oral route is not practicable. Steam 
inhalations also aid in loosening secre- 
tions. By thinning and thereby loosening 
secretions in the bronchi, a patient is quite 
apt to expectorate occluding mucous plugs. 
Later plugging of the bronchus may some- 
times be prevented in patients that have 
considerable bronchial secretions by giving 
them postural drainage in the Trendelen- 
burg position for se^■eral hours or for 
shorter periods at intervals. This facilitates 
drainage of the bronchi and makes it much 
easier for the patient to expectorate mucus 
than in the sitting position as is fre- 
quently thought. 

Routine inhalations of oxygen, unless 
cyanosis, dyspnea or tach^xardia are ex- 
treme, should be discouraged. The in- 
creased tension of oxygen in the alveoli 
causes a diminution in both the depth and 
rapidity of respirations, and thereby would 
tend to preserve an atelectasis rather than 
overcome it. The use of nasal oxA’gen gives 
the advantage of switching to carbon- 
dioxide for brief periods with facility. The 
use of the tent eliminates this possibility 
because of the inability to add carbon- 
dioxide to the oxvgen mixture in suffi- 
cient concentration to give the desired 
effect without overventilation and possible 
alkalosis. 

In a recent symposium, writers at the 
Mayo Clinic advocate the use of high con- 
centrations of oxygen routinely in post- 
operative care, stating that it assists in 
clearing mucus in the bronchus,’^ and also 
increases the concentration of oxygen to 
the atelectatic area, if present, and thereby 
will help prevent infection and edema. In 


my experience, relief can usually be ob- 
tained by measures directed at re-expand- 
ing the collapsed lung tissue, and this is 
best done by the administration of carbon- 
dioxide mixture directh* in intermittent 
and concentrated doses; oxygen is not used 
as a routine. In the minor cases, the simple 
expedient of rebreathing in a closed sack 
is worth while, the effect being deriAxd 
from the accumulation of carbon-dioxide 
breathed b\- the patient. 

In summarizing the treatment of atelec- 
tasis, it might be said that the most impor- 
tant contribution is the knowledge of 
detecting an early lesion before the plug 
has engaged in the bronchus and irre- 
versible anatomicopathologic changes ha\x 
taken place in the collapsed lung tissue. 
One may be guided in the type of treatment 
b}- the apparent severit}' of the condition. 
Measures such as frequent changes in 
position of the patient, diminished use of 
opiates and encouragement of deep breath- 
ing can be used as routine postoperative 
care, especially in those that are potential 
cases of atelectasis. If atelectasis is known 
to be present, more drastic measures such 
as posturing, carbon-dioxide inhalations or 
an}’ other attempt to dislodge a bronchial 
plug and aerate the lung may be instituted. 
Bronchoscopic drainage or artificial pneu- 
mothorax should ordinarily be reserved 
for the severe, intractable cases unless 
facilities are optimal for that type of 
treatment, as is the case in some clinics. 
Whether the atelectasis is due supposedly 
to a bronchial plugging or is due to a 
paralysis of the diaphragm, the treatment 
should be the same and every effort made 
to relieve the condition early before further 
changes can occur. 

After the atelectasis has been relieved, 
an attempt should be made to aid the 
patient in expectorating the secretions 
that usually form in the bronchi. The 
remainder of treatment is supportive. A 
mild fever may persist for several days as a 
result of the mild pneumonic congestion 
associated with the atelectasis. 
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CASE REPORTS 

A resume of cases that follow, will serve 
to illustrate some of the less common 
and less acceptible statements that were 
made in the foregoing article. Only the 
pertinent points will be mentioned. 

Case i. This is a case of a middle-aged 
female, on whom an appendectomy was done 
for an acute suppurative appendicitis, with 
drainage. By the time eight hours had elapsed 
postoperatively, the patient’s temperature had 
risen abruptly to I 04 . 2 °c., with an associated 
exaggerated rise of pulse and respiratory rates. 
Examination of the lungs revealed only moist 
rales through both lower lobe bases. There was 
a slight suppression of breath sounds but they 
were not completely absent. There was no 
noticeable heart shift. C^’^anosis of a mild degree 
and some dyspnea were present. More on the 
suggestion of the temperature, pulse and 
respiration curves than on physical findings, 
the patient was given the routine treatment 
for atelectasis and in the following eight hours, 
the temperature, pulse and respirations dropped 
almost to normal and remained there. A sub- 
sequent mild fever from a pelvic peritonitis 
showed very little change in pulse and respira- 
tory rates in marked contrast to the previous 
response. The extent of the lesion could not 
be determined but the response to treatment 
was tjqjical of atelectasis. 

Case ii. An elderly male, who was suffering 
from a quite severe bronchiectasis, had a 
cholecystectomy done. Every precaution was 
taken in the preparation of the patient and in 
the choice of a mild anesthetic. Following oper- 
ation, the patient was given medicated steam 
inhalations to promote and loosen bronchial 
secretions, and carbon-dioxide inhalations were 
given as a prophylaxis against atelectasis. 
After two daj^s, the carbon-dioxide inhalations 
were discontinued because the patient was 
progressing well. Following this, the tempera- 
ture rose abruptly to I02°c. with a rise in pulse 
and respiration. Carbon-dioxide Inhalations 
were resumed following which the temperature 
again dropped. Upon discontinuing the inhala- 
tions, the temperature again rose to about 
i02°c. Examination of the chest at this time 
revealed a patch3'’ area of bronchial breathing in 
addition to the diffuse areas of coarse rales that 
were present before, and it was believed that the 
patient had an area of pneumonic consolidation. 


This case illustrates the repeated plugging of a 
bronchus or bronchi from a pre-existing produc- 
tive state, with probable silent plugging of one 
of the smaller bronchi and ensuing pneumonia. 

Case hi. A young male adult, who was 
operated upon for an acute catarrhal appendi- 
citis with no drainage, seemed to have a slight 
bronchitis with cough following operation, so 
steam inhalations were administered. On the 
third postoperative da3% the doctor was called 
because the patient was verj" dj'spneic, and 
had difficulty in breathing. The temperature 
had shown a sudden rise to i02.4°c., together 
with a rise in pulse to 130. The patient appeared 
quite cj^anotic. Examination showed numerous 
rhonchi and further evidence of considerable 
mucus in the bronchial tree. In addition there 
was a suppression of breath sounds throughout 
the middle lobe of the lung and a shifting of 
the heart apex to the right. The patient was 
turned on his uninvolved side and upon doing 
so, felt a sudden choking sensation which was 
followed bj’^ a severe coughing spell from which 
he expectorated a large amount of mucopuru- 
lent material. Even after this, the temperature 
continued to rise to i04.6°c. Because of the 
failure of mild treatment previouslj^ the 
patient was treated more drasticallj" with 
postural drainage and adequate administration 
of carbon-dioxide inhalations. Following this, 
the temperature, pulse and respirations dropped 
dramaticallj’^ to near normal and remained 
there. This illustrates a dela3-ed plugging due 
to an abundance of mucus in the bronchi, and 
also the importance of adequate treatment. 

Case A 3mung female, who was operated 
upon for a suppurative appendicitis, with 
drainage, developed a mild peritonitis following 
operation, with intestinal distention and tem- 
perature of 100 to ioi.4°c. On the fourth post- 
operative day, the temperature rose abruptly 
from 100 to 102 4°c., with the pulse and 
respiration rise t3’pical of atelectasis. Exami- 
nation of the chest showed a fixing of the left 
lung base with suppression of breath sounds 
and dullness to percussion. Occasional atelec- 
tatic rales were heard throughout the basilar 
area. The abdomen showed some generalized 
distention but most of the distention seemed 
to be over the stomach area. To relieve the 
gastric distention, a lavage was done with liber- 
ation of a large amount of gas. The patient was 
turned on the right side and rebreathed with 
carbon dioxide. Following this, the temperature, 
pulse and respiration dropped immediateh' 
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within the next four hours, and examination of 
the lung showed remobilization and aeration. 

C.\SE V. This embraces repeated cases of 
male workers with bronchitis, who developed a 
low-grade fever following operation with no 
particular rise of pulse and respirations. With- 
out treatment, the temperature would average 
between loi and i02°c. for five to six days and 
then return to normal by lysis. Examination 
of the lungs usuallj' revealed a few moist rales 
at the bases. An expectorant was given to these 
patients routinely, and it was found that the 
temperature would drop within the following 
twenty-four hours in most of the cases, pro- 
vided they had no other cause for the fever. In 
view of the bronchitis that was present, and 
the persisting fever, these cases were con- 
sidered as those of lobular atelectasis — a mani- 
festation, so to speak, of the bronchitis. One 
could believe that the fever was caused bj' the 
bronchitis, but it seems more probable that the 
productive bronchitis caused multiple plugging 
of the bronchioles and ensuing patchy atelec- 
tatic areas, which were relieved by the thinning 
of the secretions and inducement to cough. 
None of these patients had upper abdominal 
operations. 

Case vi. This was the case of a middle- 
aged female, operated upon for an ectopic 
pregnancy. Following operation, the abdominal 
wall was quite rigid. The temperature was 
elevated, and the pulse was ranging from 150 
to 160, with respirations between 30 to 40. 
Examination of the chest showed suppression 
of breath sounds at the right base, with dullness 
and lag of the chest wall. The shifting of the 
heart apex to that side was questionable. 
Because of the possibility of obtaining some 
relief, the patient was turned on the left side 
and carbon-dioxide inhalations repeated at 
intervals. After several of these, the breath 
sounds had partially returned to the right 
lung base, and the pulse had dropped to 120, 
the respirations to 26. The patient volunteered 
that she felt much relieved. The temperature 
remained elevated, however, apparently due to 
intra-abdominal conditions. This case illus- 
trates the relief obtained by improving lung 
physiology’ simply by aeration. 

SUMM.ARy 

T. Atelectasis has been definitely es- 
tablished as being one of the commoner of 
postoperative complications. When one 


considers the immediate postoperative pul- 
monary complications, it apparently is the 
most important and most frequent condi- 
tion encountered. 

2. Atelectasis may^ follow a plugging of 
one or more of the bronchi or bronchioles, 
or may’ be caused directly by compression 
from adjacent structures with occasional 
secondary- plugging by mucus forming 
from hy^persecretion of the immobilized 
lung tissue. 

3. Atelectasis may- be classified as lobu- 
lar, lobar or multilobar, depending on the 
extent of involvement, the latter two 
being classed as massive atelectasis in 
place of the misleading term, massi\'e 
collapse. 

4. A sudden elevation of temperature in 
the first twenty-four hours of the post- 
operative period, together with an exag- 
gerated rise in pulse and respiration, should 
immediately suggest atelectasis, and steps 
should be taken to establish the diagnosis, 

5. Because of the frequency^ of atelectasis 
following upper abdominal surgery, and 
following inhalation anesthesia on patients 
with productive processes in the lungs, 
these should be considered as potential 
cases and postoperative prophylactic meas- 
ures be instituted immediately. 

6. Treatment consists of thinning the 
bronchial secretions, assisting in expec- 
toration by posturing, coughing, etc., 
and re-expansion of the collapsed lung by 
promoting deep respirations. 

7. In addition to the ty'pical massive 
atelectasis, there are minor lobular in- 
volvements which show no typical picture 
but do produce a postoperative morbidity. 
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The nontoxic colloid goiters of the adult, . . . whether uniform or 
bosselated, are separable by an indefinite borderline from the ne.vt stages, 
either the toxic, the so-called secondary toxic (the basedowified goiters 
of Kocher, the toxic adenoma of Plummer), or in the degenerated colloid 
group marked by constitutional disturbances and cardiac degeneration. 
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T he standardization of the treatment 
of any surgical condition will be 
effective only if certain principles are 
constantly borne in mind. If any standard- 
ized form of treatment is applied to every 
case of a disease whose course depends on 
so many variable factors as does empj'ema, 
poor results will inevitabl}^ follow. 

The important variable factors in acute 
empyema are: the age of the patient, the 
virulence of the infecting organism and the 
stage of the causative initial disease — 
pneumonia — at the time the complicating 
emp3"ema develops. It is pertinent here to 
stress the fact that statistical evidence of 
the merits of any one method of treatment 
of empyema is of little value unless a 
sufficiently large number of cases are con- 
sidered, and particularly unless there has 
elapsed a long enough period of time during 
which that treatment has been used. The 
incidence of empyema varies greatly from 
year to year, as does the virulence of the 
strain of the predominant infecting 
organism. 

It is too soon to state with assurance 
what the influence of chemotherapy on the 
incidence of empyema will be. There 
appears, however, to be a 'S'ery hopeful 
lessening of this complication of pneu- 
monia especiall}" if adequate chemotherapy 
has been used at the onset of the 
pneumonia. 

We can, however, report encouraging 
figures in the treatment of this compli- 
cation of pneumonia. From 1919 through 
1938 there were 467 cases of empyema 
treated at the Children’s Hospital. Only 
six of these patients received chemo- 
therapy. Those receiving chemotherapy 
since January i, 1939, will be discussed 


later. Table i* shows the comparative figures 
for the four five-year periods, and also the 
figures for the patients under two years of 
age. The gratifying drop in mortality in 
the last five-year period may possibly in 
some degree have been due to a lesser 
virulence of the organisms during those 
five 3'ears. The greater credit, however, 
must go to a more efficient handling of 
each case. A sufficient!}^ large number of 
cases over a five-year period should mini- 
mize the factor of a lesser ^•iruIence of the 
organism from year to year. Such is not 
the case in a series reported for a single 
year. (Table i.) 

Table i 

RESULTS OF TREATMENT OF 467 CASES OF EMPYEMA IN 
CHILDREN JANUARY I919 TO JANUARY 1 939 BEORE 
CHEMOTHERAPY 


Five-Year 

Period 

All Cases 

Patients Two Years 
or Under 

No. 

of 

Cases 

No. of 
Deaths 

Alor- 

tality 

Per 

Cent 

No. 

of 

Cases 

No. of 
Deaths 

Mor- 

talitj' 

Per 

Cent 

1919-1924 

94 

13 

14 

20 

1 : 

! , 

! 7 

35 

1924—1929 

86 

I I 

13 

21 

7 

33 

1929-1934 

150 

20 

13 

57 

12 

! 21 

1934-1939 

137 

3 

2 

46 

2 

4 


To apply indiscriminately one form of 
treatment to every case of empyema re- 
gardless of the stage of the disease, the 
infecting organism and the age of the 
patient is to invite disaster. Each case 
must be treated as the requirements of the 
individual case indicate. It is to be empha- 
sized particularly that empyema is a com- 
plication of pneumonia and must so be 
regarded. Empyema itself is seldom the 


* Lanman and Heyl. Empyema in Children. Neiv 
England J. M., 221: 1003-1007, 1939. 
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cause of death; it is seldom a surf^ical 
emergency. Patients die with empyema 
rather than because of it. 

In our series just referred to the pre- 
dominant organism was ti\e pneumococcus 
in 80 per cent, the streptococcus and 
stapiu'lococcus in about 10 per cent each, 
and other organisms less than i per cent. 
The cases of streptococcal infection, while 
small in number, had a mortality of 33 per 
cent, the staphylococcal group 1 1 per cent 
and the pneumococcal group about 3 per 
cent. 

FORMS OF TREATMENT 

In general there are three forms of treat- 
ment: aspiration, intercostal closed drain- 
age and open thoracotomy with or without 
rib resection. It cannot be emphasized too 
strongly that each of these has its sphere of 
usefulness, its limitations and its contra- 
indications. No one of these three or even a 
combination of one or two can or should be 
routinely used. Each case must be treated 
bjf a method or combination of methods 
suitable for that particular case. 

Aspiralion, This form of treatment is 
most useful in the early stages of empyema. 
At this time the fluid is thin, whatever the 
infecting organism. Aspiration establishes 
the diagnosis and permits identification of 
the organism. It is the method of choice 
particularly during the stage of active 
pneumonia. Unless the fluid is large enough 
in amount to give mechanical embarrass- 
ment to the patient as shown by displace- 
ment of the heart, little more than a 
diagnostic tap need usually be done. The 
presence of pleural effusion at this stage of 
the disease, if it is not causing mechanical 
embarrassment, is of relativeljf slight 
importance to the welfare of the patient. 
It is only one manifestation of the pneu- 
monia. With proper infiltration of the skin 
by novocain, withdrawal of this thin fluid 
can be done with a minimum of discomfort 
and without moving the patient from bed. 
Aspiration, then, in addition to identifying 
the organism, provides an easy and non- 
shocking method of relieving the mechan- 


ical embarrassment caused by a pleural 
effusion particularly in those patients who 
arc still critically ill with pneumonia. 

Intcrcoslal Closed Drainage. This is 
most useful in cases in which the accumu- 
lation of fluid is so great and so rapid that 
frequent tapping fails to give adequate 
relief of the mechanical embarrassment 
caused by the fluid. By providing con- 
tinuous drainage it obviates the discom- 
forts, small as they may be, of repeated 
aspiration. The procedure may be done 
with little less added pain and without 
moving the patient from bed. Often, 
particularly in cases caused by the strepto- 
coccus, it results in cure. 

The simpler the technic used the better 
if certain principles are observed. We use a 
soft rubber catheter which is inserted 
through a cannula. A small area in the 
skin and the chest wall muscles is infil- 
trated with novocain. If a small incision is 
made in the anethetized skin with a knife, 
it lessens the discomfort of passing the 
trochar and cannula into the pleural 
cavity. The catheter should fit the wound 
snugly after the cannula has been with- 
drawn. The usual precautions of not allow- 
ing air to enter the pleural cavity should be 
observed, and the catheter should extend 
only a short distance, one to two inches, 
within the pleural cavity. After removal of 
the fluid, and this should not be done too 
rapidly, the catheter is connected with 
another length of rubber tubing, the distal 
end of which is placed under water in a 
container at a lower level than that of the 
patient’s chest. 

Dependent drainage is a well recognized 
surgical principle but it must be remem- 
bered that if there is a large pleural effusion 
the diaphragm is often pushed down. In 
such a case, if intercostal drainage is 
established at the most “dependent” 
interspace, say the ninth, the diaphragm 
rises as the fluid drains off and may often 
press the catheter against the chest wall 
and so interfere with adequate drainage. 
The seventh interspace is usually the inter- 
space of choice for intercostal drainage. In 
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cases that have had intercostal drainage 
and later require rib resection it is im- 
portant to realize that the diaphragm may 
be higher than at the time of the inter- 
costal drainage. The rib above the site of 
intercostal drainage should always be used. 
This gives better drainage and will obviate 
the chance of inadvertently going through 
the diaphragm. For intercostal and for rib 
resection drainage, the posterior axillary 
line is the site of choice in the great 
majority of cases. 

There has been a great deal of discussion 
about “airtight” closed drainage, tidal 
irrigation and so forth in the treatment of 
empyema. We are convinced after thor- 
ough trial that attempts to maintain “air- 
tight” drainage by elaborate mechanical 
means are ineffectual after a few days. 
While it is desirable to have closed drainage 
in a sick patient, we believe there is no 
form of apparatus that will stay “air- 
tight” for more than a week or two. Also 
the necessity for airtight drainage for a 
longer period than two weeks is seldom if 
ever sufficiently important to be of anj* 
consequence. 

Tidal irrigation and similar complicated 
forms of drainage have been abandoned 
here. The simpler the form of apparatus 
the better. As far as irrigation is concerned, 
attention is directed toward preventing 
the catheter from becoming clogged. 

If, after a week or two, particularly in 
the pneumococcal infections, the inter- 
costal drainage tube is not providing ade- 
quate drainage, the condition of the 
patient should by that time be sufficiently 
improved to warrant open surgical drain- 
age. As we have stated previously the 
value of intercostal closed drainage is 
particularly great in early cases and in 
3'oung patients. Much of the condemnation 
of drainage by rib resection has been 
wrongly attributed to the operation rather 
than to the choice of case in which it was 
used. Primary open operation with or 
without rib resection should never be em- 
ployed during the synpneumonic stage 
regardless of the age of the patient and 


seldom if ever should it be employed for 
patients under two years of age. It is to 
be noted that “primary” open operation 
means open operation not preceded by some 
form of closed drainage. We wish, however, 
to emphasize that in many cases too long 
continued attempts to obtain adequate 
drainage b}’^ closed methods should be 
abandoned and open drainage substituted. 
Enough patients have come to the Chil- 
dren’s Hospital with chronic empyema 
after weeks and even months of inadequate 
drainage of the pleural cavity by inter- 
costal tube to convince us that sueh drain- 
age should not be prolonged mueh over 
two or three weeks unless there is obvious 
evidence of improvement as shown b}"^ the 
clinical condition; decrease in the size of 
the cavity and re-expansion of the involved 
lung. The patient whose general condition 
has not improved sufficiently to warrant 
open drainage after two or three weeks of 
closed drainage is a rarity, and in such 
cases there is usually some other complicat- 
ing factor, frequently a bronehopleural 
fistula. 

Open Drainage. In properly seleeted 
cases this is an efficient and safe form of 
treatment. Its chief danger is the unwise 
selection of cases for its use particularly as 
regards the stage of the disease when 
drainage is instituted, and the age and 
general condition of the patient. In private 
practice the usefulness of this method is 
limited largety to cases that have not 
responded well to intercostal drainage. It is 
important to use this method of more ef- 
ficient open drainage in such cases, how- 
ever, to minimize the chances of a chronic 
empyema. Each case must be judged 
carefully on its merits. If after two or three 
weeks of intercostal drainage there is not a 
satisfactor}' improvement, adequate open 
drainage should not be unduly postponed. 
This is particularly true in the pneumo- 
coccal infections. 

Primar}- rib resection is seldom if ever 
employed in private practice or in cases 
under observation on the wards from the 
onset of the pneumonia. Paradoxically, 
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however, in our series the large group of 
patients on the wards wlio received a 
primary rib resection did much better and 
had a shorter hospital stay than did those 
receiving other forms of drainage. In the 
past ten years 168 patients out of 287 
received a primary rib resection. The aver- 
age duration of postoperative drainage for 
this group was twenty-four days; all ended 
in complete recovery. The average dura- 
tion of postoperative drainage was forty 
days for the group treated by intercostal 
drainage, and fifty-seven days for the 
group receiving intercostal drainage fol- 
lowed by rib resection. 

The reason is obvious. This large group 
of patients was referred to the hospital 
when they were well over their pneumonia, 
if indeed the pneumonia had been recog- 
nized. The child often gave a history of a 
“cold” with “congestion of the lungs.” 
He was confined to bed for a period of 
time. The fever subsided after a week or so 
and re-appeared a few days later. He 
received little or no treatment for his 
pneumonia, but because of failure of early 
diagnosis of fluid in the chest, the necessity 
for surgery was realized at more nearh' an 
optimum time than is true of patients in a 
better economic status. This sort of medi- 
cal treatment of pneumonia is certainly 
not advocated. It confirms the opinion, 
however, that the surgical treatment of 
acute empyema is seldom a surgical 
emergency. 

There was only one death in the last 
five years following primary rib resection 
and that was in a child one year of age. 
Our rule is now to do no primary' rib 
resection in a patient under two years of 
age. All primary rib resections are pre- 
ceded by a diagnostic tap. The usefulness 
and indication for primary rib resection 
are limited largely to the class of patients 
in the economic bracket referred to above. 
It is seldom if ever to be advocated in 
private practice. Rib resection is, however, 
to be used in cases that do not do well with 
intercostal drainage and it often is not 


onlj- useful but necessary, particularly in 
the pneumococcal cases. 

TECnSlC OF RIB RESECTIOX 

Here again simplicity is desirable. While 
the site of drainage depends on the location 
of the pus, the posterior axillary line is 
the usual site and the seventh rib the usual 
and best location for the resection. About 
one to two inches of the rib are resected 
subperiosteally and a double flanged empy- 
ema button inserted. The lung should be 
freed, as free respiratory movements pro- 
mote drainage, and re-expansion of the 
lung obliterates the cavity. Reasonable 
activity by the child as well as the use of 
blow bottles favor re-expansion of the lung. 
We allow and encourage them to be up 
and about as soon as the fever subsides. 
The button is seldom left in place for 
more than two weeks. 

Scoliosis. It is our firm belief that per- 
manent structural scoliosis will seldom if 
ever result if the empyema cavity is 
properly drained. Proper drainage will 
result in obliteration of the cavit}' with 
complete re-expansion of the lung. Post- 
operative x-rays taken during convalescence 
before the cavity had been obliterated 
often show some scoliosis. But at this 
time efforts should be directed towards 
favoring drainage and re-expansion of the 
lung, and the child should be encouraged 
to be as active as his condition warrants. 
Once the lung is well expanded and the 
cavity obliterated, the scoliosis will dis- 
appear. During convalescence methods 
directed toward the treatment of the 
apparent scoliosis per se are, in our opinion, 
contraindicated. Immobilization of the 
child on a Bradford frame, or some other 
form of apparatus, in order to treat the 
scoliosis will at this time hinder and may 
even defeat nature’s successful efforts to 
overcome what is usually a functional and 
not a true structural scoliosis. Methods 
that aid nature in the obliteration of the 
cavity and re-expansion of the lung are the 
best methods of overcoming or preventing 
a scoliosis. 
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Anesthesia. Local novocain infiltration 
gives satisfactory anesthesia for aspiration 
and for most cases of intercostal closed 
drainage. Occasionally, a very brief general 
anesthesia is desirable for intercostal drain- 
age. Nitrous oxide and oxygen if properly 
given is safe and satisfactory; cyclopropane 
is very useful but has the added risks in- 
herent in its explosive nature. I still believe 
that ether and oxygen is at times superior 
to nitrous oxide and oxygen, and for a 
brief anasthesia we do not hesitate to use 
it in a chest case if we believe the anoxemia 
of even a short nitrous oxide administra- 
tion is undesirable. 

There is one general rule, however, that 
is most important. The patient whose con- 
dition does not warrant the use of a general 
anesthetic is the patient who at that time 
should not be submitted to those more 
radical forms of drainage for which general 
anesthesia is required and desirable. 

Chronic Empyema. The best form of 
treatment of chronic empyema is its pre- 
vention by adequate treatment during the 
acute stage. The incidence of chronic 
empyema in cases under observation from 
the start at this hospital is as gratlfyingly 
low as is the present low mortality rate. 
The treatment of chronic empyema is not 
within the scope of this paper. It, like 
chronic lung suppuration with which it is 
often associated, is a special problem. 

Chemotherapy. As stated earlier, any 
definite conclusions on the usefulness of 
chemotherapy in the treatment of empy- 
ema cannot be made as yet. A very few 
patients with streptococcal empyema re- 
ceived sulfanilamide during 1938 which 
was the last year covered by the report 
from which statistical data have been 
quoted in this article. From January 1939 
to June 1941 (two and one-half years) there 
have been forty-five cases of empyema 
treated at this hospital. If the same number 
enter in the next two and one-hall year 
period, it will make a total of nineU' cases 
for the first five-year period covering the 
use of chemotherapy. The two previous 
five-year periods gave an incidence of 150 


and 137 cases, respectively. It is difficult to 
say whether this present number represents 
a true drop in the incidence of empyema 
because the incidence of empyema itself 
varies so much from year to year. We 
believe it is undoubtedly significant, how- 
ever, that since 1939 of all the patients with 
acute pneumonia who entered the hospital 
and recei\-cd chemotherapy, not one devel- 
oped empyema. The patients with empy- 
ema treated here during the past two and 
one-half years entered the hospital with the 
empyema already developed. Some of these 
had had chemotherapy at home. 

Our impression here is that sulfathiozole 
is superior to sulfanilamide even in strepto- 
coccal cases. Sulfathiozole seems superior to 
sulphapyridine in the pneumococcal cases. 
In recent months sulfadiazine seems superi- 
or to any of the sulfa compounds yet used 
and appears to have far less danger or cause 
less renal injury than sulfathiozole or 
sulphapyridine. Patients receiving chemo- 
therapy demand careful observation with 
frequent estimation of the blood level of the 
drug, and particular!}' daily urinalysis to 
determine anv evidence of kidnev damage. 
Patients who have de^•eloped empyema 
under chemotherapy probably did not have 
the drug used early enough or in adequate 
dosage during the pneumonia, though this 
statement is not yet proved. 

Treatment of an empyema that occurs 
following chemotherapy is worth discus- 
sion. It is probably of little use to continue 
chemotherapy once the empyema has been 
drained unless the pneumonic process itself 
is still active. A greater per cent of the 
patients with pneumococcal empyema who 
have had chemotherapy seem to require 
radical open drainage sooner in the course 
of the disease than did those in the past 
who did not have any chemotherapy. The 
exudate on the pleura is likely to be thicker 
and more tenacious and it is very difficult 
to clear up such a case by the closed 
methods. Although the number of cases is 
not large this has been a striking finding. It 
has been necessary to take greater pains 
actually to free with the finger the thick 
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tenacious exudate that lines the empyema 
cavit}' of such cases. 

While it may be premature to say so, one 
gets the impression that if chemotherapy' is 
properly used from the onset of the pneu- 
monia, the incidence of a complicating 
empyema will be very slight. On the other 
hand if chemotherapy is not adequate in 
amount or is not started until late in the 
pneumonia, it is not yet possible to say that 
the use of this drug will lower the incidence 
of a complicating empyema. It is possible 
to say, although time may refute the state- 
ment, that cases receiving inadequate 
chemotherapy that do develop empyema, 
are more difficult to clear up. Our experi- 
ence seems to indicate that open drainage 
will be used in a greater percentage of these 
cases than was the case before chemo- 
therapy, but again we wish to emphasize 
that open drainage should not and need 
not be done as a primary procedure in pa- 
tients still in the toxic stage of pneumonia. 

CONCLUSIONS 

The drop in the mortality statistics at 
this hospital before the event of chemo- 
therapy justifies certain conclusions. Acute 
empyema should never be regarded as a 
surgical emergency. The condition in the 
pleural cavity should be treated as a com- 
plication of a general sy'stemic infection. 
Children, especially Infants, die with empy- 


ema and not because of it. The infecting 
organism should be determined in all cases 
by a diagnostic thoracentesis. The indica- 
tion of each individual case must determine 
the proper type of drainage for that case. 
Local anasthesia for aspiration and inter- 
costal closed drainage is indicated in almost 
all cases. Open drainage with or without rib 
resection is advocated in cases that do not 
respond after a period of time to closed 
methods of drainage. If the patient’s con- 
dition contraindicates a general anesthetic, 
methods of drainage requiring general 
anesthesia are also contraindicated. Pri- 
mary open drainage, with or without rib 
resection, should never be done during the 
synpneumonic stage or in children under 
two years of age. In properly selected cases 
primary rib resection is a safe and efficient 
method of treatment. If the empyema 
cavity is well drained and obliterated by 
the re-expansion of the lung, scoliosis need 
not be feared. It seems probable that the 
efficient use of chemotherapy will greatly 
lessen the incidence of a complicating 
empyema. While not yet proved, it would 
seem that if the empyema developed in 
patients receiving chemotherapy, its treat- 
ment required the more frequent and 
earlier use of open surgical drainage. It is 
likelj' that such cases did not have ade- 
quate dosage of the drug at the onset of the 
pneumonia. 





ETIOLOGY OF CHRONIC EMPYEMA 

George P. Muller, m.d. 

PHILADELPHLA, PENNSYLVANIA 


A PROPER understanding of the pa- 
thology and pathological physiology 
of acute empyema, and the applica- 
tion of these facts to the treatment of the 
disease would render chronic, nontuber- 
culous empyema a clinical rarity. The find- 
ings of the Empyema Commission of the 
First A\'orld War are as valid today as they 
were in 1918; the facts have been empha- 
sized in many publications, and yet we find 
daily instances in which these principles 
have been violated with disastrous results 
to the patient. It can be stated flatly that 
improper handling of acute empyemas is 
responsible for most cases of chronic 
empyema. There are some cases apparently 
doomed to chronicity from the onset, 
because of conditions which will be dis- 
cussed later but these are a small percent- 
age of the total. The incidence of chronic 
tuberculous empyema can be appreciably 
lowered, as the discussion will bring out. 
Since it can be seen that prophylaxis is of 
the utmost importance in the problem of 
chronic empyema, we believe it necessary 
to review the salient features of the pa- 
thology and treatment of the acute disease. 

Empyema is the result of pleural reaction 
to infection, the extent and severity of the 
reaction varying with the infecting organ- 
ism. In many cases of pneumococcic pneu- 
monia it is probable that fluid is present in 
the pleural cavity before the crisis. Usually 
the amount of fluid is slight and the organ- 
ization of fibrin produces agglutination of 
the pleural surfaces with subsidence of the 
pleural infection. If the process progresses 
and pus is formed, the abscess develops 
within the fibrinous deposit and may be 
large or small depending upon the amount 
of fluid and the presence or absence of 
limiting adhesions. 

The route by which infection gains 
access to the pleural cavity has been Axari- 
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ously discussed but the generall}^ accepted 
opinion is that empyema develops as the 
result of the rupture of a small subpleural 
pulmonary abscess into the pleural cavity. 
Empyemas resulting from trauma to the 
chest and by extension from a subdiaphrag- 
matic abscess are rare enough so that the}" 
may be disregarded as far as the purposes 
of this paper are concerned. Clinically, 
pneumococcic empyema develops after the 
pulmonary process has subsided. As a re- 
sult the patient is suft'ering only from the 
effects of a localized, intrapleural abscess. 
In most cases fibrinous adhesions have 
formed between the previously involved 
lobe and the overlying parietal pleura. 
Along with this process fibrin has been 
deposited over the mediastinum, rendering 
it, as the fibrin organizes, a rigid septum 
between the two pleural cavities. 

The pathological physiology of strepto- 
coccic empyema is quite different from that 
of pneumococcic. In the recognition of the 
difference and the effect this difference has 
upon treatment lies the secret of success in 
empyema. While in pneumococcic em- 
pyema the preceding pneumonia has usu- 
ally subsided, in the streptococcic type the 
two conditions are concomitant. As a result 
the patient is much sicker and the mortal- 
ity higher. It is belieA^ed that in strepto- 
coccic empyema the organisms spread 
through the interstitial pulmonary tissues 
to the pleura, producing a diffuse, abun- 
dant exudate. Because of the rapidity with 
Avhich fluid develops and the comparatively 
loAv fibrin content of the fluid, limiting 
adhesions are unusual. Similarly, medias- 
tinal stiffening does not occur. 

As a result of the fundamental work of 
Graham and Bell certain facts of the 
utmost importance, particularly in regard 
to the effects of open pneumothorax, were 
brought to the attention of the profession. 
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They particularly emphasized that in the 
presence of a pneumothorax both lungs are 
affected nearly to the same extent. The loss 
of pulmonary function depends on the size 
of the pneumothorax opening. Of greatest 
importance is the relation of the size of the 
opening to the vital capacity. The greater 
the vital capacity' the larger the opening 
tolerated. With a low vital capacity, ap- 
proaching the point at which the maximum 
inspirator}' effort only supplies tidal air 
requirements, a small pneumothorax open- 
ing may prove fatal. The above conclusions 
all suppose a thorax without adhesions or 
inflammatory change. In the presence of 
adhesions or a rigid mediastinum, as in 
chronic empyema, the normal pressure 
relationships no longer hold and the pres- 
sures in the pleural cavities may be changed 
independently. Therefore, large pneumo- 
thorax openings are well tolerated if adhe- 
sions or a rigid mediastinum are present. 

The intelligent application of the funda- 
mental facts of pathology and physiology, 
as noted above, are essential in the treat- 
ment of empyema so that mortality will be 
lowered and chronicity reduced to an 
unavoidable minimum. The methods com- 
monly employed in the treatment of 
empyema, with man}' individual variations 
of technic, are aspiration, closed drainage 
and open drainage. The particular technic 
employed is unimportant, the attention to 
principles all important. 

It has been said that in pneumococcic 
empyema the pulmonary lesion has usually 
subsided by the time the empyema becomes 
clinically evident. The pus is thick, adhe- 
sions are present and the mediastinum is 
rigid and indurated. In these cases open 
drainage is the treatment of choice. The 
establishment of an open pneumothorax 
offers little hazard to the patient since the 
vital capacity has not been lowered to 
dangerous levels and the rigid mediastinum 
prevents the altered pressure in the affected 
hemithorax from being transmitted to the 
uninvolved lung. We do not believe it 
essential that drainage be established at 
the most dependent portion of the empy- 


ema cavity. Attempts to reach the most 
dependent portion may result in damage 
to the diaphragm and the danger of peri- 
tonitis. Also, it has been found that rise of 
the diaphragm as the cavity becomes 
smaller may interfere with drainage. It is 
sufficient that drainage be established near 
or below the center of the cavity. Since an 
e.xpanding lung increases in size concen- 
trically, drainage in this area will be 
efficient. 

As opposed to the treatment of pneumo- 
coccic empyema, open drainage should 
never be used in the course of a strepto- 
coccic empyema. An open pneumothorax 
must be avoided in these patients who are 
acutely ill, toxic and with greatly reduced 
vital capacities. The object of whatever 
method is chosen is to tide the patient over 
the period of acute pneumonia and to wait 
until intrapleural adhesions and a rigid 
mediastinum have formed, at which point 
open drainage may be established. This 
may be accomplished by either repeated 
aspirations or continuous closed drainage. 
The optimum time at which to institute 
open drainage will be determined by a fall 
in temperature, reduction in toxicity, relief 
of dyspnea and cyanosis and a change in 
the character of the pleural exudate from a 
thin, watery greenish material to a thick, 
creamy pus. If aspirations have been used, 
it is important that they be discontinued 
at this point, since lack of adequate drain- 
age may cause great thickening of the 
visceral pleura, an unexpandable lung and 
a resultant chronic empyema. 

The other commonly employed method 
of emergency treatment in streptococcic 
empyema is continuous closed drainage. 
This may be supplemented by some form of 
suction or tidal drainage depending on 
individual preferences. Both have had their 
enthusiastic advocates. It is doubtful if any 
form of closed drainage has much advan- 
tage over repeated aspirations followed by 
open drainage. It is very difficult to keep 
a closed system air-tight and the nursing 
care involved is a definite problem in the 
average hospital. It is our belief that the 
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chief value of closed drainage is as a sub- 
stitute for aspirations in an extremely sick 
patient, provided that at the opportune 
moment open drainage be established. 

It is apparent from the preceding re- 
marks that chronic empyema vill result 
most often from lack of attention to princi- 
ples of treatment. Most important in the 
prevention of chronicity is adequate drain- 
age, carried out at the proper time and 
continued until the cavity is obliterated. 
Drainage delayed until fibrin has organized 
and covered the visceral pleura with a 
thick, tough layer will prevent expansion of 
the lung and make for chronicity. Also, 
premature removal of drainage material 
before the cavity is obliterated will permit 
superficial healing of the drainage tract and 
maintenance of a residual pocket of empy- 
ema. It is in this type of case that we see 
the so-called recurrent empyemas which 
are, in reality, not recurrent since the initial 
empyema was never cured. 

In attempting obliteration of an empy- 
ema cavity sterilization of the contents and 
liquefaction of the fibrinous exudate over 
the lung are essential. One of the most 
efficacious measures we possess to carry 
this out is Dakin’s solution. Frequent 
irrigations with this material should be 
used in all cases in which there is no 
demonstrable bronchopleural fistula. Since 
many small bronchopleural fistulae close 
spontaneously as the empyema cavity 
closes, Dakin’s solution may be cautiously 
re-employed at intervals if a fistula has 
necessitated its temporary discontinuance. 
All empyema cavities should be carefully 
measured and frequently examined roent- 
genologically, employing a contrast me- 
dium such as lipiodol, if indicated. Only 
when the capacity of a cavity is a half 
ounce or less should drainage be remos-ed. 

In addition to the factors of improper, 
delayed or insufficient drainage as causes of 
chronicity, the causes usually given are 
tuberculosis, persistent bronchopleural fis- 
tula, underlying lung abscess, intrapleural 
foreign bodies, osteomyelitis of ribs and 
underlying carcinoma of the lung. Butler 


has reported several cases in which another 
predisposing cause of chronicit}- ma}^ play 
a part, namely, postpneumonic atelectasis. 
Hochberg has recently reported two cases 
in which this mechanism seemed to pla}- an 
important role. 

Tuberculous empyema is a chronic dis- 
ease; its most effective treatment is preven- 
tion. We believe that the incidence of 
tuberculous empyema can be materially 
reduced. It is known that the percentage of 
effectiveness of pneumothorax decreases in 
direct proportion to the time taken for the 
pneumothorax to become effective. It is 
also a fact that the majority of cases of 
tuberculous emp^’ema follow as a complica- 
tion of pneumothorax. More empyemas 
develop in ineffective pneumothoraces than 
in effective ones. Therefore, if ineffective 
pneumothoraces were either abandoned 
promptly or abandoned as soon as section 
of adhesions by closed, internal pneumonol- 
ysis was found impossible, the number of 
cases of tuberculous empyema u'ould 
rapidly drop. 

Persistent bronchopleural fistula as a 
cause of chronicity can be avoided in some 
cases by proper drainage. Delay in institut- 
ing drainage is responsible for a few per- 
sistent fistulae. However, many of these 
cases fall into the category of inevitable 
chronicity. Prompt recognition and treat- 
ment of pulmonary abscesses will eliminate 
many cases of chronic empyema resulting 
from neglect of this condition. It is our 
belief that in large lung abscesses, involving 
a large portion of a lobe, lobectomy rather 
than drainage will be the treatment of the 
future. 

Foreign bodies retained in the pleura are 
usually either pieces of rubber tubing or 
gauze. That these are preventable requires 
no argument. 

Osteomyelitis of ribs is mentioned in 
everj’ series of cases of chronic empyema. 
\\Tiile it occasionally occurs as a cause of 
chronicitv, we believe that more often it 
results from chronicity and that there are 
other factors accountable which might be 
found if carefullv searched for, not onlv 
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in the chest at the time of operation but 
also in the history of the original treatment. 

The prevention of chronic empyema due 
to carcinoma of the lung lies of course in 
early diagnosis and treatment of this in- 
creasinglj- prevalent tumor. 

The interesting conception of Butler, 
previoush- mentioned deserv^es some atten- 
tion. In the four cases reported by this 
observer and the two mentioned bj’ 
Hochberg, delaj^ed closure of an empyema 
pocket and an unusually storm}' course 
seemed directly related to bronchial ob- 
struction and atelectasis. If this condition 
is suspected roentgenography, pneumonog- 
raphy and bronchoscopy should be done. 
Dramatic improvement and avoidance of 
chronicity may be expected if the bronchial 
obstruction is relieved. Butler believes that 
even partial relief of the obstruction ma}" 
allow complete aeration. This is based on 
the work of Van Allen and Jung who dem- 
onstrated that collateral respiration may 
take place in a lobe in the presence of 
obstruction of some of the smaller bronchi 
due to the openings in the interlobular 
septa and alveoli. 

Since we have been interested in the 
prevention of chronic empyema we have 
reviewed the last fifty cases of this con- 
dition admitted to the Jefferson Hospital. 
Of these, eight were tuberculous and may 
be eliminated from the analysis. In many 
of the cases, most of whom had had their 
original treatments elsewhere, the histories 
of the initial illness were not available and 
conclusions could be drawn only by 
inference. In ten of the cases the condition 
could be specifically traced to improper, 
neglected or insufficient drainage. In fif- 
teen, although the data were incomplete, 
the histories were highly suggestive of the 
same factors. Excluding the tuberculous 
cases it will be seen that 60 per cent of the 
chronic, nontubcrculous empyemas were 
attributable to the neglect of the funda- 
mental principles of treatment of acute 
empyema. In twelve of the cases bronchial 


fistulae were given as the cause of chron- 
icity. However, since it is likely that most 
cases of empyema have bronchial fistulae 
some time during the course of the disease 
and that most of these close spontaneous!}’ 
with proper treatment, it seems reasonable 
to predicate that in at least a few of this 
group the persistent fistulae were an e.x- 
pression of improper treatment rather than 
a primary cause of chronicity. Two cases 
were due to foreign bodies and three were 
attributed to osteomyelitis of ribs. We have 
previously stated our opinions upon these 
subjects. 

SU.MMARY 

The fundamental features of the pathol- 
ogy and physiology of acute empyema 
have been reviewed. 

The application of these principles in 
the treatment of acute empyema have been 
noted. 

The factors leading to the develop- 
ment of chronic empyema have been 
explained. 

Fifty cases of chronic empyema have 
been analyzed, particularly as to etiology. 

CONCLUSIONS 

1. Application of the fundamental prin- 
ciples of pathological physiology is essen- 
tial in the treatment of acute empyema if 
chronic empyema is to be avoided. 

2. Neglect of these principles is respon- 
sible for the majority of cases of chronic 
empyema. 

3. This was borne out by an analysis of 
fifty cases of chronic empyema from the 
Jefferson Hospital. 
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ENCAPSULATED EMPYEMA 


Harold Neuhof, m.d. and Benjamin Copleman, m.d. 

NEW YORK, NEW YORK PERTH AMBOY, NEW JERSEY 


A NY collection of pus within the 
/ \ pleural space, which does not occupy 
the whole space, can be regarded 
as a localized empyema in the broadest 
meaning of the term. For clinical purposes, 
however, the terms, “localized” or “en- 
capsulated” or “sacculated” are generally 
applied to smaller collections of pus that 
are completely sealed off from adjacent 
uninvolved pleura. It appears to us that 
special consideration of the localized or 
encapsulated empyemas is warranted be- 
cause (i) the pathogenesis, evolution and 
clinical features often are different from 
those of total or diffuse empyema; (2) the 
roentgenographic features are different 
and problems in roentgenographic diagno- 
sis arise which do not exist ordinarily in 
total empyema; (3) there are special prob- 
lems connected with exploratory thoraco- 
centesis; and (4) the surgical management 
often requires a distinctive approach. 
Before proceeding with the discussion of 
these four aspects of the subject, it should 
•be stated that very large, so-called subtotal 
empyemas usually resemble total em- 
pyemas so closely that they will not be 
considered. However, it may not be amiss 
to point out that the uninvolved pleural 
space may become infected at operation 
even in such cases, if certain principles to 
be set forth concerning diagnosis and 
surscical management are not observed. 

w O 

PATHOGENESIS, EVOLUTION AND CLINICAL 
FEATURES 

The question of the pathogenesis, evolu- 
tion and clinical features of localized 
empyema should be considered first be- 
cause of distinctive features which we 
believe to exist in comparison with those 
of total or diffuse empyema. At the 
present time it is generally recognized that 
the cause of suppurative pleuritis in a sub- 


stantial proportion of cases is an under- 
lying suppurative pulmonary focus. The 
latter is unequivocally proved to be present 
in cases of pyopneumothorax. In cases of 
emp^^ema the existence of a causative 
pulmonary abscess may be established at 
operation, in the postoperative course, at 
secondary operations, etc. Thus, the ab- 
sence of air (fluid level) in a case of localized 
empyema does not negate a causative sup- 
purative pulmonary focus. This point 
warrants emphasis because a study of our 
cases of localized empyema discloses the 
fact that the vast niajorit}'^ are due to sup- 
purative pulmonary foci, usuall}* perforated 
pulmonary abscesses. This held whether or 
not roentgenograms revealed the existence 
of a pyopneumothorax and regardless of 
the presence or absence of a perforated 
pulmonary focus at the time of operation. 
B}^ way of contrast it can be said that the 
majorit}' of cases of total and diffuse em- 
pyemas are not due to demonstrable sup- 
purative pulmonary foci. Another feature 
which distinguishes the two lesions is the 
extent of the pulmonary abscess. When 
present in cases of diffuse empj^ema, it is 
usually small and insignificant and appar- 
ently an incidental part of a more or less 
widespread pneumonic lesion. On the other 
hand, the pulmonary focus is a substantial 
localized abscess in not a small proportion 
of cases of encapsulated empyema. Indeed, 
the causative pulmonary abscess may be 
larger and more significant clinically than 
the pleural empyema. Finally, there are 
instances of encapsulated empyema, such 
as occasional cases of ruptured interlobar 
abscess (so-called interlobar empyema), in 
which involvement of the pleura is so 
limited that its existence can onl}^ be 
recognized if specially sought for. 

From the foregoing remarks on patho- 
genesis as well as from a consideration of 
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the limited extent of pleural involvement 
in many cases, one can anticipate that the 
evolution of localized empyema would 
often be much more insidious and much 
less obvious than that of diffuse and total 
empyema. Indeed, the existence of the 
lesion is scarcelj^ to be suspected in a sub- 
stantial proportion of cases until revealed 
b}'^ roentgenograms. The sjTOptomatoIogj'^ 
of encapsulated emp^’^ema is in keeping. 
In some instances the symptoms are essen- 
tially those of the underlying abscess 
whether putrid (anaerobic) or aerobic. 
Invasion of the pleura is initiated in such 
cases by a sudden access of localized 
thoracic pain and may be characterized 
(by no means invariably', however), by 
reduction in cough and purulent expectora- 
tion. When symptoms of pulmonary abscess 
do not exist, the course usually is that of 
an acute pneumonic lesion in the initial 
phase, followed by low grade fever. Only 
rarely are there seen the evidence of respir- 
atory distress, cardiac embarrassment or 
toxemia as often noted in diffuse empyema. 
This statement applies to children as well 
as to ad-ufts. Indeed, the patient may be 
up and about for a long time (weeks or 
even months) before the encapsulated 
empyema is discovered. A number of our 
cases first came under observation so long 
after the acute pulmonary episode that 
pulmonary neoplasm and not localized 
empyema was the first diagnosis made on 
the basis of a well delimited shadow in the 
roentgenogram. 

It is evident that both the physical 
features and the symptomatology of en- 
capsulated empyemas usually are less 
simple and clear than those of diffuse 
empyemas. Indeed, an encapsulated em- 
pyema can be defined as a lesion character- 
ized by atypical manifestations. Several 
features of encapsulated empyema warrant 
special mention. First, the empyemas which 
may have little or no parietal contact 
should be mentioned particularly because 
of difficulties encountered in diagnosis and 
of danger of infecting the free pleural 
cavity by exploratory' aspiration or at 


operation. There are three groups of such 
cases: The interlobar (which we have 
shown to be perforated pulmonary' ab- 
scesses*'-) the infrapulmonary and the 
paramediastinal. At times empyemas in 
other situations also may' present limited 
contact with the chest wall, apparently 
because firm parietal adhesions over a 
small area lead instead to indentation of 
the lung by' the collection of pus. Another 
feature of localized empy'ema worthy' of 
special mention is multilocularity'. Two or 
more intercommunicating loculations are 
common. In some instances loculations 
appear far removed from one another, but 
intercommunication by' more or less nar- 
row pathway's is the rule. Localized pleural 
Invasion as the result of the perforation of 
a pulmonary' abscess of substantial pro- 
portions requires discussion because of the 
problems in diagnosis and surgical treat- 
ment which are raised. The sy'mptoms and 
diagnosis of pulmonary' abscess cannot here 
be described. For our present purposes it 
will suffice to say' that a pulmonary' abscess 
is characterized by' the expectoration of 
pus. Apparently' there is a general impres- 
sion that the perforation of a pulmonary' 
abscess into the pleura is signalized by' the 
cessation of purulent expectoration. Asso- 
ciated with this impression is a belief that 
the perforation is likely' to result in cure 
of the abscess. Evidence has been advanced 
elsewhere to show that neither view is 
tenable. Spontaneous cure can follow 
perforation and expectoration of pus may' 
cease after perforation, but neither phe- 
nomenon can be anticipated with any 
assurance in cases of perforations of sub- 
stantial abscesses into localized spaces. 
Thus, the absence of perforation cannot be 
postulated if expectoration of pus con- 
tinues and the assumption of cure of the 
abscess is not warranted because perfora- 
tion has occurred. The differentiation 
between the presence and absence of 
perforation, obviously' important for clin- 
ical reasons, must be made chiefly' by 
radiological examination as will be shown. 
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Another feature of encapsulated em- 
pyema is the frequent occurrence of 
adjacent bland pleural effusions, so-called 
sympathetic effusions. When such effu- 
sions encountered by exploratory aspira- 
tion present evidences of infection, they 
mav be mistaken for the underlvins 
localized collection of pus. The recognition 
of their existence in cases of encapsulated 
empyema is therefore of importance. Fi- 
nall}’, reference should be made to a more 
or less chronic, localized empyema which 
masquerades as “thickened pleura.” This 
lesion, characterized by fever, dullness to 
circumscribed flatness on percussion, usu- 
ally distant breath sounds and a roentgen 
film of localized density is now generally 
recognized as an encapsulated empyema. 
In fact, the pleurae usually are greatly 
thickened and the collection of pus may be 
small. Not so generallv known is the fact 
that this type of lesion may follow a va- 
riety of intrathoracic operations. Indeed, 
it may be encountered after operations for 
nonsuppurative lesions, presumably as the 
result of unrecognized infection or infec- 
tion of retained blood. Of particular 
importance is the variety which may be 
termed a residue after a more widespread 
pleural infection has been drained. In such 
cases the patients may appear to be essen- 
tially well for months or even years, com- 
plaining only occasionally of episodes of 
thoracic discomfort or pain and slight 
transient fever. The roentsen films, how- 
ever, will always disclose the appearance of 
“thickened pleura ” even during the periods 
of complete well being. 

ROENTGEXOGRAPHIC FEATURES AND 
DI.A.GXOSIS 

A quantity of pus in the pleural cavity 
casts a dense homogeneous .v-ray shadow. 
While the boundaries of total or subtotal 
empyema are obscured on the films, at 
least one boundary will be clearly defined 
in the case of encapsulated empyema. If a 
pneumonic shadow exists, the collection of 
pus usually casts a homogeneous shadow 
which is denser and which usuallv has at 
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least one well defined margin. The shadow 
of an encapsulated empyema is usually 
semi-ovoid in shape with the base against 
the chest wall. The inner margin may be 
straight, convex mesially or scalloped if the 
collection is in the axilla. If situated at the 
anterior or posterior chest wall, only lateral 
or oblique views will demonstrate limits of 
loculation. A homogeneous density over 
pneumonic lung which lacks more or less 
clearly defined margins distinct from those 
of pneumonitis is probably due to plastic 
pleural exudate. Only re-examination can 
determine if pleural pus with loculation will 
supervene. The variations of these funda- 
mental roentgen features will be discussed 
under the separate caption devoted to 
special varieties. 

Throughout the discussion the terms 
encapsulated or circumscribed empyema 
and encapsulated or circumscribed pyo- 
pneumonothorax will be employed inter- 
changeably. The reason is to be found in 
the fact that from the viewpoint of roent- 
genology a fluid level is in the nature of an 
accident. Its presence is indubitable evi- 
dence of a perforated bronchogenic pul- 
monary abscess. The absence of a fluid level 
does not e.xclude the existence of a per- 
forated abscess. The absence of air in the 
empyema may mean nothing more than the 
absence of a free bronchial communication 
at the time of perforation of the abscess. 
Attention has already been directed to the 
frequency of perforated pulmonary abscess 
as the cause of encapsulated empyema, ^^’c 
may add here that, in not a few instances, 
the e.xistence of the perforated pulmonary 
focus is to be noted for the first time at 
operation (or after operation by the dis- 
covery of a bronchial fistula), because pre- 
operative films failed to reveal fluid levels 
or air pockets within the shadows of en- 
capsulated empyemas. 

.As already indicated the diagnosis of an 
encapsulated empyema must be based 
chiefly on the roentgenological e.xamina- 
tion. Of physical signs the most important 
is localized dullness or flatness on precus- 
sion, an abnormality which is better 
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identified by the sense of touch than by pronounced interlobar pleuritis, the differ- 
sound. The roentgen film depicts accurately entiation between rupture and nonrupture 
the nature of the process in the vast major- into the fissure appears impossible. How- 



Fig. I. Loculated lateral empyema. The collection, situated 
in the a.\illa, extends over the apex of the lung (con- 
firmed at operation). Note the sharp anterior and 
posterior margins (arrows). Note also the scoliosis, not 
uncommon in empyema in children. 


ity of cases, and errors in diagnosis are to be 
ascribed to errors in interpretation and not 
to shortcomings of the method. Only rarelj^ 
will obscuring or overljfing shadows render 
impossible a satisfactory study of the 
pleural encapsulation. In our experience 
almost all errors in roentgen diagnosis 
could be recognized as such after the exist- 
ence of encapsulated empyema was dis- 
closed by operation if re-inspection and 
restudy of the films were made. The reverse 
was also true, namely, the absence of 
encapsulated empyema, erroneously diag- 
nosed on roentgen examination, can also be 
established by study of the films. 

The outstanding exception to the fore- 
going statements is to be found in the 
roentgen diagnosis of encapsulated empy- 
emas (or pyopneumothorax) due to perfor- 
ation of pulmonary abscesses of substantial 
proportions. In not a few instances we have 
operated on the roentgen diagnosis of per- 
forated pulmonary abscess to find the 
abscess of the lung unperforated at the time 
of operation. It is our impression that the 
roentgen diagnosis cannot be made at 
times. Thus, when a pulmonary abscess 
faces an interlobar fissure with resultant 


ever, the diagnosis of perforation of an 
abscess can be made in most instances on 
the basis of two features: (i) The existence 
of a considerable area of homogeneous 
density with sharply defined convex mar- 
gin, and (2) the existence of two (or more) 
adjacent areas of rarefaction as well as of 
two (or more) fluid levels. Should an earlier 
film have revealed an uncomplicated pul- 
monary abscess, later films would, of 
course, establish the diagnosis if the pleural 
complication were depicted. (Fig. i.) 

Turning now to the special roentgen 
diagnosis of encapsulated empyemas, it can 
be said that purulent collections may occur 
anywhere in the pleural cavities. They are 
found most often in the general pleural 
space, that is, outside interlobar fissures. 
Because their locations present peculiar 
problems in diagnosis and surgical ap- 
proach, five groups will be discussed 
separately. As a statement applying to all 
groups it should be said that the diagnosis 
of the existence as well as the extent of 
encapsulated empyemas in any of these 
groups may depend on oblique, lateral or 
other views in addition to the conventional 
postero-anterior films. This is particular!}' 
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true of small encapsulations in atypical sympathetic effusion. In the case of very 
places such as the retrocardiac, supra- large encapsulations the roentgen diagnosis 
diaphragmatic or mesial regions. may be difficult or even impossible if 



Fig. 2, Bilocular empyema. One collection is subapical and the other, lateral. 
Note the characteristic sharp delimiting margins. 


A. Encapsulations over the convexity, pleural delimitation of a homogeneous 
which are the most common, are located on shadow is not visible. 

the anterior, posterior or lateral aspects of Multiple views are imperative in order 
the convex curve of the chest wall. to disclose loculation if a homogeneous 

B. Mediastinal. These occur on the shadow is present with consolidation of the 
mesial or mediastinal aspect of the general lung. 

pleura. Bizarre appearances are often seen in 

C. Supra- or periapical surmount or sur- cases of multiloculated empyema. If surgi- 

round the apex of the lung. cal drainage has already' been instituted, 

D. Injrapxdmonary. These occur be- repeated radiographic examinations ma\ 
tween the undersurface of the lung and the be necessary to determine if loculations 
uppersurface of the dome of the diaphragm, intercommunicate or to disclose other col- 

E. Interlobar are loculated between op- lections previously unrecognized. hen 

posing surfaces of the interiobar pleura, pyopneumothorax occurs following the 
(Fig. 2.) rupture of a lung abscess, even fluoroscopy 

A. Collections over the Convexity. These and films made in many projections, with 
empyemas vary in size from large codec- the patient in both the erect and lateral 
tions to small pockets containing but a few recumbent positions, may not suffice to 
cc. of pus. The smaller collections usually distinguish between an intrapulmonary or 
present no great difficulty in diagnosis, an intrapleural lesion. Suggestions for 
Occurring in conjunction with the shadow differential diagnosis have already been 
of a pneumonic lesion and revealing well made. (Fig. 3.) 

defined margins, the diagnosis is usually B. Paramediastinal Empyema. These 
evident. They may, however, be obscured collections are situated on the mediastinal 
by a large pneumonic lesion with surround- aspect of the pleura, immediately adjacent 
iv\g abundant plastic cxndate or by a tc the anterior, middle or posterior medias- 



44 American Journal of Surgery Ncuhof, Coplcmail EmpyCma 


October, 1941 


tinum. Because of the superimposition of The differentiation between a large para- 
shadows on the heart, great vessels and mediastinal emp3'^ema and a mediastinal 
other mediastinal structures, unusual pic- abscess may be impossible roentgenologi- 



Fig. 3. Large lower paramediastinal empyema. The technic 
used demonstrates the separate overlapping shadows 
The appearance might othenvise simulate an enlarged 
heart. 


tures are produced which are often difficult 
of correct interpretation. However, the 
diagnosis bj'- roentgenolog}'- can be made in 
the majority of instances if the essential fea- 
tures of localized emp^^enia, to which atten- 
tion has been called, are borne in mind. 

Some of the problems in diagnosis ma^"^ 
be cited. When the empj^ema occurs in the 
lower mediastinum, the appearance maj^ 
simulate cardiac enlargement or localized 
pericardial effusion. This is especiallj'^ true 
if the exposure technic results in films with 
marked contrast, so that the overlapping 
cardiac and pleural shadows cannot be 
separated. 

When the empj^ema occurs in the upper 
mediastinum it maj”- simulate, on the 
postero-anterior projection, an aortic aneu- 
rj'sm or mediastinal tumor. If the locula- 
tion extends laterallj’’ enough, its anterior 
and posterior margins maj- be sharplj”^ de- 
fined on the lateral projections. In the case 
of a shallow empj'^ema the longest diameter 
often is in the sagittal plane; its anterior 
and posterior adhesions will not be clearljj^ 
visualized in contrast with mediastinal 
shadows. 


call^-. A lead ma}’^ be found in a sympathetic 
pleural effusion or in a second pleural locu- 
lation. Occasionally^, a pulmonary abscess 
facing the mediastinum maj^ rupture into 
that potential space producing an en- 
capsulation which is impossible of roent- 
gen differentiation from paramediastinal 
empy'ema. (Fig. 4.) 

C. Supra- or Peri-apical Empyema. 
This variety of empy^ema is rare. In the 
cases we have seen it has been the result of 
a rupture of a pulmonary^ suppurative focus 
or a loculation separated by adhesions from 
a generalized empy'^ema which had extended 
over the apex. In two instances a supra- 
apical empy’^ema acted as a cowl over the 
top of the lung, requiring both anterior and 
posterior upper thoracic drainage. The 
x-ray film shows a homogeneous shadov 
extending downv ard for a variable distance 
from the dome of the hemithorax. The 
inferior margin of the shadow is usually 
sharp in outline. No air-bearing tissue is 
seen above this shadow. While the appear- 
ance may’ be considered to be characteris- 
tic, ve have seen identical roentgen evi- 
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dence in cases of apical pneumonia with 
plastic exudate, atelectatic upper lobe in a 
child, and in pulmonary abscess. 

Malignant neoplasms occupying the 


the lung merging with the density of the 
liver (on the right side). The .v-ray appear- 
ance may be indistinguishable from that of 
subdiaphragmatic abscess. 



Fig. 4. Supra-apical pyopneumothorax-, occurring with a lateral collection. 
Note the absence of lung markings at the apex. 


apical and paravertebral portions of the 
upper lobe may present features closely 
resembling those of apical or peri-apical 
empyema. Destruction of o\'erlying ribs, 
usually visible in roentgen films, often 
establishes the diagnosis. The differentia- 
tion from empyema may be particularly 
difficult if secondary pleural infection or 
carcinomatous pleural invasion supervenes. 

D. h\frapulmonary Empyema. This 
term is applied to an encapsulated collec- 
tion of pus situated between the under sur- 
face of the lung and upper surface of the 
dome of the diaphragm.^ Infrapulmonary 
empyemas vary in extent from lesions 
which are small and are entirely separated 
from the chest wall by adherent lung, to 
the larger collections which encroach on the 
pleura of the thoracic convexity. 

When the lesion is small, it is apt to be 
overshadowed by adjacent pulmonary in- 
filtration. Larger localized infrapulmonary 
encapsulations usually elevate and arch the 
diaphragmatic surface of the lung. As a 
result, a shadow is present at the base of 


As already noted, an infrapulmonary 
empyema of large size usually extends into 
the general convex portion of the pleural 
space, generally in its posterior aspect. If 
the parietal extension is small, it may be 
overshadowed bv the original collection; 
while if large, it may obscure the infrapul- 
monary lesion. Lateral films may aid 
greatly in resolving the shadows. (Fig. 5.) 

When an infrapulmonary pyopneumo- 
thorax is present, the infiltrated compressed 
lower lobe is usually elevated by a collec- 
tion of air surmounting the fluid level. This 
appearance is difficult to differentiate from 
a gas-containing subphrenic abscess. The 
induction of a small pneumoperitoneum 
may delineate the dome of the diaphragm 
and thus disclose the situation of the lesion. 
The same procedure may aid in the differ- 
entiation of infrapulmonary lesions which 
do not contain air. 

A useful sign of an infrapulmonary 
empyema, not present in all cases, is the 
displacement of the heart away from the 
side of the lesion. This sign is particularly 
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valuable when the empyema is small and In another case, in films taken at intervals, 
may be mistaken for pneumonia. there was seen the progression of disease 

E. Interlobar Perforated Pulmonary Ab- along an interlobar fissure. This was found 



Fig. 5. A, anteroposterior view of infrapulmonarj empyema. The appearance simulates an elevated left 
dome of the diaphragm, possibly as a result of subphrenic abscess, b, lateral view. The lateral projection 
illustrates the large posterior parietal presentation. 


scess {“Interlobar Empyema”). As we 
have shown elsewhere^- ^ all cases of true 
interlobar collections of pus have proved, 
in our experience, to be cases of perforated 
pulmonary abscess. The latter term can, 
therefore, be applied properlj’- to the group 
of cases in which pus is encapsulated in 
interlobar fissures. About half of the cases 
in our series presented roentgenological 
evidence to indicate the presence of inter- 
lobar disease. Since it is important to 
recognize the existence of an interlobar 
abscess for purposes of accurate surgical 
approach and management, a statement of 
the positive roentgen features is warranted. 

An oval or elliptical shadow limited 
the interlobar fissures, or overlying the 
region of the fissures, or the presence of a 
P 3 'opneumothorax limited b 3 ' the interlobar 
pleurae is strongl3'' suggestive evidence. 
However, onl3’ the latter film can be 
regarded as pathognomonic for we have 
seen apparent intrafissural lesions prove 
at operation to be due to pulmonar3' 
infiltration. 

A fluid level abutting on, or traversing, a 
fissure should also suggest the posslblllt3’^ of 
an interlobar collection. Bowing of a fissure, 
due to pressure b3’ a large interlobar collec- 
tion of pus was noted in one of our cases. 


to be due to an interlobar abscess which 
had gradually enlarged b3'^ dissecting along 
the interlobar pleural space. 

In about half the cases we reported there 
was no distinctive roentgenological evi- 
dence to suggest the diagnosis. In some the 
lesion was obscured b3' large pleural effu- 
sions; in others, the puImonar3f lesion 
dominated the picture. There was one 
Instance in which a sharpl3’^ circumscribed 
shadow seen in the roentgenogram was 
thought to be due to a pulmonar3’ neoplasm. 

THORACOCENTESIS FOR DIAGNOSIS 

The foregoing discussion on various 
aspects of the subject of encapsulated 
emp3'ema indicates clearl3' that the diag- 
nosis is difficult in not a small proportion of 
cases. As compared with diffuse emp3'ema 
in which thoracocentesis often is performed 
onK”^ for confirmation of the diagnosis, 
explorator3' puncture is not infrequent^ 
required in an effort to establish the 
diagnosis of encapsulated emp3’ema. In- 
deed, there are Instances in which ver3' 
carefull3' performed expIorator3' aspirations 
fail to reveal pus, cases in which e.\'plora- 
tor3' thoracotom3' is indicated rather than 
to subject the patient to indiscriminate 
(and possibl3' dangerous) multiple aspira- 
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tions. Since the diagnostic thoracocentesis 
evidently occupies a vital place in the 
management of encapsulated empyema, it 
should be performed under the most favor- 
able auspices. The latter implies first, 
readiness to proceed with operation if pus 
is encountered, the needle being left in 
place if the empyema is small or difficult to 
find by aspiration, and secondly, care- 
ful roentgenological study. Encapsulated 
empyema rarely is a lesion urgent for opera- 
tion and ample time, therefore, is available 
for complete roentgen films taken in the 
various positions required by the individual 
case. Only then will the correct intercostal 
space for exploratory puncture be dis- 
closed, namely, the site at which there is 
contact between the empyema and the 
thoracic parietes. Since absence of such 
contact is decidedly unusual, as has already 
been stated and since adequate roentgen 
studies will reveal the precise site of con- 
tact, pus should not only be encountered 
promptly in most instances but also super- 
ficially. Deep aspiration is warranted only 
in the unusual instances already referred to 
(interlobar, infrapulmonary, paramedias- 
tinal, high axillary empyemas) in which the 
main collection of pus is not in contact with 
the thoracic convexity. It is also evident 
that deep aspiration may reach an under- 
lying pulmonary abscess and not the 
empyema. Finally, reference should be 
made to the fact that the diagnosis of 
empyema is not necessarily established 
when only small amounts of pus are ob- 
tained by aspiration. Errors in diagnosis 
have been made since such small quantities 
may be obtained directly from the infected 
lung. The danger of infection of a previ- 
ously uninfected pleural space under such 
circumstances is obvious. That errors have 
been made has been proved at operation, in 
cases in which the pleural space has been 
found to be free from any suppurative 
lesion. 

SURGICAL TREATMENT 

The prerequisite for correct operative 
treatment of sacculated empyema is precise 
roentgen localization of the lesion with 


special reference to its contact with the 
thoracic parietes. The essential step in the 
operative procedure is adequate exposure 
of the parietal pleura in order to visualize 
the presence (or absence) of pleuritis at the 
site of proposed entry into the collection of 
pus. Obviously, we regard entry of the free 
pleura as the outstanding danger of opera- 
tion for encapsulated empyema. It can be 
said that this danger scarcely exists when 
encapsulations are of large size. Vet we 
know of instances in which the general 
pleural space has become infected as the 
result of being entered in such cases. In any 
event, in the case of moderate sized, or 
more particularly of relatively small en- 
capsulations, the danger is real unless 
preoperative localization is accurate and 
the parietal pleura is visualized at opera- 
tion. As has been pointed out, the free 
pleura must of neeessity be traversed in 
specified, relatively rare instances in order 
to gain access to collections of pus. Wfith 
the knowledge that slight, if any, contact is 
present in such cases the free pleural cavity 
can be entered, packed off and traversed in 
a one- or two-stage operation without 
becoming infected. 

In our opinion, closed drainage has little 
or no place in the operative treatment of 
encapsulated empyema, even in children. 
There are three reasons for our view: First, 
the well known indications for closed drain- 
age rarely exist in cases of loealized empy- 
ema. It can be added that closed drainage 
rarely would be curative for encapsulated 
empyema, and would therefore be only a 
preliminary procedure. Secondly, closed 
drainage is too blind a procedure for local- 
ized empyema, the danger of infection of 
the free pleural cavity existing unless the 
empyema is of large size. Thirdly, closed 
drainage not only is unnecc.ssary but is 
almost certain to be ineffective for ade- 
quate drainage, particularly in the presence 
of loculations of pus or of an underlying 
perforated pulmonary abscess of sub- 
stantial size. 

Local anesthesia is the anesthesia of 
choice for operations for encapsulated 
empyema; only rarely should supplement- 
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ary general anesthesia be necessary. There 
are two special advantages in local anes- 
thesia: first, the danger of spillover infec- 
tion to other pulmonary segments is mini- 
mal in the event of underlying puImonar3'^ 
abscess communicating with the bronchial 
tree; secondlj^ the patient can cough or 
strain on request during operation and as a 
result reveal a pocket or pockets of pus 
which otherwise might be overlooked. If 
inhalation anesthesia must be used, posi- 
tive pressure can be emploj’^ed to disclose 
such pockets. 

The liberal excision of a portion of one 
rib usually suffices for adequate exposure 
of the pleural abscess provided the correct 
rib has been chosen. After the collection of 
pus has been entered the parietal pleura 
should be split open to unroof the empj’^ema 
complete^, if possible. In so doing everj’^ 
precaution should be exercised to avoid 
entry of the free pleural space, and reliance 
should be placed on visualization rather 
than on sound because the hiss or blow of 
an open pleura resembles closelj'^ that of an 
open bronchus. 

After the main collection of pus has been 
laid open satisfactorily and evacuated by 
suction an examination is made for com- 
municating locules. The roentgen film maj'^ 
have alreadj’^ demonstrated their existence 
and situation and the direction in which 
they are to be sought has, therefore, been 
indicated. However, additional pockets 
may be found in cases in which there is no 
preoperative evidence to indicate their 
existence. It is important to note that 
communications between locules and the 
main cavity maj^ be via narrow and tor- 
tuous channels sometimes situated in 
relative!}’’ Inaccessible recesses of the parent 
abscess. The use of a sterile light for the 
examination for recesses and communica- 
tions is invaluable. Coughing or straining 
by the patient may reveal a pocket which 
otherwise might be overlooked. Ramifica- 
tions from the primary cavity can usually 
be laid open from within but may require 
enlargement of the wound with additional 
rib removal. At times counterincisions are 
necessary, particularly when secondary 


pockets are in contact with the thoracic 
parietes at sites remote from the original 
incision. A single cavity should be the 
objective of operation and can be achieved 
in the preponderance of cases. Under such 
circumstances the cavity and any recesses 
which exist can be packed with gauze at the 
end of operation. Tube drainage in addition 
to gauze packing of the main cavity should 
be reserved for those exceptional instances 
in which wide opening of the main or 
secondary collections of pus has not been 
carried out. 

The relationship between pulmonary 
abscess and encapsulated empyema was 
taken up in the first section. The operative 
treatment of the pulmonary abscess should 
now be discussed. It should be stated at the 
outset that a unanimity of Hews does not 
exist at the present time. There is the 
widely held view, to which reference has 
been made, that pleural perforation of a 
pulmonary abscess may be or is tanta- 
mount to cure of the abscess, and the 
obvious corollary that operative treatment 
of the abscess is not indicated. We believe 
that the latter applies to many cases but 
that rigid adherence to such a plan is 
dangerous. Thus, there are not a few cases 
in which the pulmonary abscess is of sub- 
stantial size and the perforation insig- 
nificant. In such cases the pulmonary 
symptoms may be prominent or may even 
dominate the clinical picture. In our opin- 
ion, such pulmonary lesions should be 
cared for at the time of operation for 
empyema. The justification for this view is 
to be found not only in the desirability of 
eliminating the symptoms of pulmonary 
abscess but also in the extreme simplicity 
of the operative procedure. The latter 
consists in visualizing the opening in the 
pulmonary abscess, splitting it crucially if 
found to be too small and inadequate for 
drainage of the pulmonary cavity, the 
insertion of narrow-bladed retractors and 
inspection of the interior of the cavity for 
recesses, and the gauze packing of the 
pulmonary cavity and its recesses after it 
has thus been adequately unroofed. Only 
rarely will a patient’s condition be too poor 
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to withstand this simple and brief addi- 
tional operative procedure. 

Special reference should be made to the 
subject of putrid empyema in connection 
with the question of management of the 
underlying abscess. It has been shown else- 
where^ that an abscess is to be demon- 
strated as the almost invariable cause of an 
encapsulated collection of foul pus in the 
pleura. When profuse expectoration of foul 
pus is a symptom, a pulmonary’ abscess of 
substantial proportion can be anticipated. 
The pulmonary' lesion maA- be seen in films 
which antedated, as well as in those taken 
at the time of pleural invasion. In our 
opinion, adequate unroofing of the per- 
forated pulmonary- abscess is imperative 
under such circumstances. Putrid pulmon- 
arA* abscess is a far more dangerous lesion 
than aerobic or nonputrid pulmonarj^ 
abscess and temporization, which ma}- be 
Avarranted in the one is unjustified in the 
other. In either instance the possibility of 
spontaneous recoA'erA* exists. In the case of 
a putrid lesion, hoAvcA-er, the possibility' 
should not be banked on. The argument in 
faA'or of deferring the unroofing of a per- 
forated abscess to a later date in order to 
ascertain if the procedure proA'es to be 
indicated can be refuted on three counts: 
(i) During the inteiwal there may' be a 
spread of the anaerobic (putrid) infection 
beyond the limits of the pulmonary' abscess 
not only' locally', but also in remote seg- 
ments. (2) Spread of infection may occur 
insidiously with few, if any, sy'mptoms of 
pulmonary' abscess and Avithout character- 
istic roentgen features. (3) Unroofing at the 
time of the primary' operation is simple and 
safe, Avhereas the abscess may be difficult 
to find and not simple and safe to drain at a 
deferred operation. 

The immediate results of primary un- 
roofing of perforated abscesses at the time 
of operation for putrid empyema are strik- 
ing in the prompt recession of the symp- 
toms of pulmonary abscess. Furthermore, 
symptoms do not return if the pulmonary 
cavity is not permitted to close prema- 
turely. Special post-operative attention to 
the pulmonary caA'ity is required after an 


abscess has been unroofed. The cavity- 
should be kept open by packing and the 
bronchial fistula must be maintained until 
all eA'idence of anaerobic infection has dis- 
appeared. Infection within the pulmonary 
caA'ity may persist after the empyema 
space has become quite clean. Therefore, 
the opening in the lung may proA-e to be 
the last part of the Avound that is kept 
open. The foregoing remarks Avere made 
specifically' in reference to perforated 
putrid abscess but apply also in a general 
AA'ay' to the postoperatn'e management of 
perforated aerobic abscess. 

Although the operatiA'e treatment of the 
pulmonary lesion comprises the most dis- 
tincth'e feature of the surgery of encap- 
sulated empyema, the basic principle of 
treatment is complete drainage of the 
suppurative focus AA'ithout infection of the 
free pleural space. There is a rather general 
belief that the results of operation for 
empyema are related to the underlying 
cause rather than to the operatiA-e technic. 
This belief is justified in some cases but 
cannot be enunciated as a dictum. Not only 
morbidity but also mortality can be di- 
rectly' ascribable to a badly' conceived or 
incorrectly executed operation for en- 
capsulated empyema. On the other hand, 
uniformly good results can be anticipated, 
unless the underlying cause is irremediable 
surgically' (pulmonary' cancer, actinomy- 
cosis, etc.), if operations are based on 
accurate preoperath e studies and are care- 
fully executed in accordance Avith a avcII 
concelA'ed plan. 
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T he pathology of bronchiectasis was 
described in considerable detail by 
Laennec more than a century ago. 
However, a fairly precise knowledge of the 
etiology, pathogenesis, bacteriology, and 
the morbidity and mortality of the disease, 
has been accumulating only during the past 
seventeen or eighteen years, or since Sicard 
and Forestier first used iodized oil in 
bronchography. Despite the rapid advances 
in our knowledge and concepts of bron- 
chiectasis during these recent years, con- 
siderable differences of opinion still exist 
regarding many aspects of the disease. 
Mueller, in 1928, and Ballon, Singer and 
Graham, in 1931, and more recently. Miller 
and others, emphasized the congenital 
nature of bronchiectasis; however. Perry 
and King, Warner, McNeil, Findlay and 
Sauerbruch, to mention but a few, have 
expressed considerable doubt regarding the 
congenital nature of the condition. In a 
large series of cases observed at Bellevue 
and Lenox Hill Hospitals during the past 
ten years, no proved case of congenital 
bronchiectasis has been seen by the writer. 
Occasional writers still emphasize the role 
of spirochetes, although the majority of 
workers in this field minimize their impor- 
tance in bronchiectasis. 

Of greater practical Importance is the 
differences of opinion regarding the treat- 
ment of bronchiectasis. In many clinics 
where large series of cases are being col- 
lected, followed and studied, a more unified 
and clear conception of the natural course 
of the disease and its treatment is emerging. 
Nevertheless wide difi'erences of opinion 


still exist as evidenced by reports in the 
literature bj^ members of the various spe- 
cialties, extolling different methods of 
treatment. These differences in point of 
view between certain internists, roent- 
genologists, bronchoscopists and surgeons, 
apparently' spring from differences of un- 
derstanding of the fundamentals of the 
disease — its etiology and pathology', patho- 
genesis and pathological phy'siology', bac- 
teriology', the varied clinical patterns, its 
usual course characterized by' natural 
remission of symptoms for long periods of 
time, frequently' to be followed by' exacer- 
bation and progression of the disease, often 
eventually resulting in hopeless chronic 
invalidism if the proper treatment is not 
rendered at the opportune time. Bron- 
chiectasis is often similar to pulmonary 
tuberculosis in that it tends to relapse and 
progress; and also most cases of bron- 
chiectasis, like most cases of tuberculosis, 
are potentially' curable at some phase of the 
disease. Often, circumstance, patient and 
doctor contrive to overlook this opportune 
moment and fail to choose the best method 
of treatment. 

The internist who hopefully' administers 
arsenicals because of the erroneous concep- 
tion that spirochetes constitute the princi- 
pal bacteriological agent in the usual case 
of bronchiectasis, apparently lacks a com- 
prehensive understanding of the great 
variety' of micro-organisms which play n 
part in the etiology of the disease. The 
internist or roentgenologist who enthusi- 
astically administers .v-ray therapy' ap- 
parently does not fully appreciate the 
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pathological physiology, not only of the 
ectatic bronchi but also of the related 
diseased lung parenchyma. The broncho- 
scopist who believes that weekly aspiration 
of the stem bronchi, with or without lavage 
with some “bactericidal” agent, is sound 
and adequate therapy, also fails to visualize 
the pathology, pathological physiology and 
bacteriology of the disease, as well as the 
limitations of bronchoscopic aspiration and 
“bactericidal” solutions. The following 
case serves to illustrate; 

G. L., male, aged thirty-four (Figs. 12 to 15) 
was first seen in our clinic in 1934. He gave a 
history of having had bronchiectasis for 
seventeen years, and stated that during the pre- 
ceding fourteen years, he had been broncho- 
scoped “more than 200 times.” His willingness 
or apparent desire to continue with a method 
of treatment which apparently had had no 
beneficial influence on his symptoms, was 
probably because of the “reaction” which re- 
sulted from the large amount of cocaine used 
for the local anesthesia before bronchoscopy. 
The patient died of bronchopneumonia in 1938, 
having had saccular bronchiectasis for at least 
twenty-one years, and having been broncho- 
scoped something over 200 times, and having 
refused lobectomy because he “believed” 
bronchoscopy would eventually cure his disease. 

It would seem that the time has come 
when sufficient knowledge is available 
regarding the fundamentals and the natural 
course of the disease so that a more unified 
opinion among the various specialties 
and specialists might crystalize as regards 
the treatment of bronchiectasis. 

Although the present paper is especially 
concerned with the morbidity and mortal- 
ity of medically treated bronchiectasis, 
some discussion of the present concepts of 
etiology, pathogenesis, and bacteriology, 
and certain principles of treatment based 
on these fundamentals, seems desirable. 
Sound management and treatment of 
bronchiectasis is dependent upon a com- 
prehensive understanding of these funda- 
mental principles, the various clinical 
patterns or types of the disease, its natural 
course, its obvious and potential hazards. 
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the limitations of medical therapy and the 
curabilit}' of single and multiple lobectomy 
or pneumonectoni}’, and the morbidity and 
mortality of untreated and medically and 
surgically treated bronchiectasis. 

ETIOLOGY AND PATHOGENESIS 

Numerous theories and opinions have 
been advanced regarding the etiologic and 
pathogenetic factors of bronchiectasis. Not 
a few writers have emphasized the con- 
genital nature of the condition and have 
theorized that the condition is not dis- 
covered more often earlier in infanc}’ and 
childhood, because until infection results, 
the patient maj* not have S3’mptoms to 
focus the attention of the ph3"sician on the 
congenital defect of the bronchi and lung. 

Andrus and others have emphasized the 
importance of ph3-sical forces resulting 
from collapse of the lung in the production 
of bronchiectasis. Pediatricians, including 
Anspach, McNeil, and Richards have 
pointed out that collapse of a lobe ma3’ 
occur in children with pneumonia, and 
bronchiectasis is sometimes a sequel. Perr3' 
and King discuss the importance of “col- 
lapse” of a lobe following pneumonia as an 
important etiologic factor in their large 
series of cases, and state that, “in 167 
patients (42 per cent of their series), the 
age of onset was in the first decade, a period 
when pneumonia, measles, whooping cough 
and other contagious fevers are com- 
mon and these diseases ma3’ give rise to 
collapse.” 

Clerf, Jackson and others have discussed 
the importance of inhalation of foreign 
bodies with subsequent chronic pulmonar3'' 
and bronchial infection, as an important 
etiologic factor in bronchiectasis. 

Until a few 3"ears ago, most authors and 
teachers in this field held that bronchiecta- 
sis was secondar3' to chronic disease of the 
paranasal sinuses. Despite the fact that for 
man3’ 3’ears this idea was almost univer- 
salh- accepted, considerable evidence has 
come to light recentl3- to indicate that the 
disease is not necessarih* alwa3'S associated 
with or secondar3- to chronic sinus disease. 
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Goodalc, Perry and King, have suggested considering the etiologic relationship of the 
that while bronchiectasis and chronicsinus two conditions, it should be remembered 
disease arc often associated, bronchiectasis that bronchiectasis usually has its onset 



Fif:. I. Fir.. 2. 

Figs. 1 and 2. \V. ii., white male, .ipetJ thirty-one, was first seen in ujjt compl.tining 
of cougli, expectoration and hcnioptyses. His parents iind told him tliat he h.ad 
“pneumonia” after “swallowing'' a “bueksiiot” at tlie age of one. He h.ad had 
cough and expectoration of mucoid to mucopurulent sputum as long as he could 
remember, was subject to chest colds and had had several attacks of “pneumonia" 
always on the right side, lie had small recurrent hcmopiy.ses during the past four or 
five years. When first seen, he was in good general iiealth. There was marked club- 
bing of the digits and numerous sibilant rales and rhonchi were heard below the 
third anterior rib and seventh spine on the right. A'-r.ay (Fig. 1) shows a foreign 
body, .apparently a buckshot, at the level of the fourth anterior interspace right, and 
saccular bronchiectasis with a moderate amount of fibrosi.s. Bronchogram (Fig. 2) 
confirmed the diagnosis of extensive s.accular bronchiccia.sis of the right middle and 
right lower lobes. Dr. Girard Oberrender was unable to see or remove the foreign 
body bronchoscopically. The patient refused lobectomy, is still in good general 
health and working full time. 


is not always secondary to the former 
condition, nor is sinus disease always pres- 
ent in cases of bronchiectasis. 

In one hundred cases studied at the 
Lenox Hill Hospital during the past ten 
years, thirty or 30 per cent had definite 
chronic sinus disease. A careful analysis of 
the case histories of these thirty patients 
revealed that twenty or 66.6 per cent had 
symptoms, findings, or both of bronchiecta- 
sis, from several months to several years 
before they developed evidence of chronic 
sinus disease. From these observations and 
others made at Bellevue Hospital, some 
with Dr. Edith Lincoln on the Pediatric 
Service, and others on the Tuberculosis 
Service, a definite impression has resulted, 
that chronic sinus disease is perhaps more 
often secondary to bronchiectasis than it is 
a cause of, or important etiologic factor in, 
the development of bronchiectasis. In 


during childhood or early adult life while 
chronic sinus disease has its onset relatively 
laler in life. In their large series of cases, 
Perry and King reported that the onset of 
bronchiectasis occurred during the first 
decade in 42 per cent, and during the 
second decade in 27 per cent of their pa- 
tients. They did not give figures to indicate 
the seniority relationship of the two 
diseases. In the series of cases studied at the 
Lenox Hill Hospital Clinic, the onset of 
the bronchiectasis apparently occurred m 
the first decade in 41 per cent and dur- 
ing the second decade in 23 per cent of the 
cases. These figures tend to confirm our 
belief that paranasal sinus disease is not 
infrequently secondary to bronchiectasis. 

In the classical case of bronchiectasis 
which frequentlji- develops following bron- 
chopneumonia in children, often when 
streptococci are implicated, the early 
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pathological changes which eventiiallj' lead resolution and healing and man}’^ of the 
to demonstrable ectasia of the bronchi are areas progress to a state of irreversible 
not confined to the bronchial Avail, but also fibrosis; and if the chronic infection con- 



Fig. 3.. Fig. 4. 

Figs. 3 and 4. B. P., white male child, aged two when first admitted to the hospital in 
1932 with bilateral bronchopneumonia which developed following measles. (Fig. 3.) 
On admission, the patient was acutely ill, cyanotic, dyspneic and required oxj-gen for 
several days. Dullness, diminished breath sounds and later, bronchovesicular and 
bronchial breathing and numerous rales were present over the middle and both lower 
lobes. Sputum typing was negative for pneumococci, but cultures showed hemolj'tic 
streptococci predominating. The patient made a slow convalescence. During the 
following \\-inter, the patient had two attacks of bronchopneumonia with slow con- 
valescences. Numerous moderatelj- coarse rales persisted over the middle and both 
lower lobes. Lipiodol bronchogram shows the presence of early predominantly saccular 
bronchiectasis especially in the right lung. (Fig. 4.) 


often, if not almost alAA’aA's, simultaneously 
im'oh^e the lung parenchyma. (Figs. 3 and 
4.) Consequently, as a result of repeated 
attacks of bronchopneumonia, AA’hich may 
occur during a single AA'inter and subsequent 
spring season, these rather insidious and 
chronic inflammatory changes in the bron- 
chial mucosa and submucosa and lung 
parenchyma deA’elop and progress. Serial 
chest roentgenograms at this time maA' 
shoAv failure of the lungs to clear completely 
folloAA’ing one of these attacks of more or 
less atA'pical bronchopneumonia. During 
the summer season, the patient may im- 
proA*e clinically and roentgenological studA' 
may shoAv almost complete clearing of the 
patchy and linear areas of residual inflam- 
matory changes. HoAA’eA'er, during the 
foIloAA'ing AA'inter season, upper respiratory* 
infections are apt to be foIIoAA'ed by eA'i- 
dence of loAA--grade bronchopneumonia AA'ith 
associated chronic inflammatory changes of 
the bronchi. Often these chronic inflamma- 
tory changes fail to undergo complete 


tinues or is repeated, as is likely, further 
fibrosis of the inAmh^ed lobe AA'ith shrinkage 
and contraction of the lobe or segment, 
eA^entually results. Simultaneous AA'ith the 
deA'elopment of these chronic parenchymal 
changes, similar progresshm chronic in- 
flammatory' changes result in the bronchial 
AA'all. After prolonged or protracted periods 
of infection and repeated exacerbations, 
certain irreA'ersible changes occur in the 
tissues comprising the bronchial AA'all. Areas 
of chronically' infected granulation tissue 
replace the normal epithelial lining of the 
bronchus, the elastic fibers and the muscle 
bundles are partly or largely replaced Avith 
fibrosis, and in some instances, destruction 
of the cartilaginous structures of certain 
bronchi may result. As a consequence of 
these destructh'e onslaughts, Aveakening of 
the bronchial AA'all results. At this time, 
A’arious physical phenomena, including 
shrinkage and contraction of a segment or 
of an entire lobe as a result of extensh'e 
fibrosis and, comparath'ely' ineffecth'e and 
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Figs. 7 to 10. H. G., white female, was admitted to the clinic in 1930 at the age of seventeen, 
\\ ith a histon- of chronic cough and expectoration, dyspnea, and repeated attacks of “ bron- 
chitis” and bronchopneumonia since early childhood. Examination showed an emaci.ated, tall 
girl, appearing chronically ill. There was no clinical evidence of chronic sinus disease and x-ray 
examinations of the paranasal sinuses were negative. The percussion note over both lungs was 
hyperresonant especially on the left, posteriorly. Breath sounds were diminished ox’er both 
lung fields and numerous sibilant rales and rhonchi were heard over the lower half of both 
lungs. Chest .x-ray (Fig. 7) rex^eals linear and patchy areas of fibrosis in the right loxver two- 
thirds, and to a much less extent in the loxx’er half of the left lung. Lipiodol bronchogram four 
years later (Fig. 8) shoxvs cylindrical bronchiectasis inx'oK'ing the right middle and both lower 
lobes. At this time, the ex’idence of emphx'sema xx-as much more marked than in 1930. The left 
diaphragm is markedly depressed. (Fig. 8.) Cough, ex'pectoration and increasing dyspnea 
continued and the patient dex’eloped abscess in the right loxx er lobe. (Fig. 9.) The lung abscess 
xvas thought to result from a “spill-ox’er” of infectious secretions from the bronchiectasis. 
Because of the poor general condition and marked dyspnea, surgical drainage xvas not done. 
During the next few months, the lung abscess gradually contracted (Fig. 10), and finally 
disappeared. Fix-e years later, the p.atient is in fairly good health but remains quite dyspneic. 
Tliis case illustrates tx\-o complications of bronchiectasis: (i) the dex'elopment of marked 
emphysema, especially of the left lung (Fig. 8), and (2) lung abscess of the right lower lobe. 

(Fig- 9 -) 
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children whose bronchi are more vulnerable 
to potential destructive forces than arc 
bronchi in adults. Bronchial polyps, benign 
tumors, stenosis of the bronchi resulting 
from tuberculosis of the bronchial wall, or 
other causes, may interfere with the normal 
cleansing power of the bronchi and pro- 
mote aspiration and retention of infectious 
secretions with the subsequent develop- 
ment of lung abscess, suppurative pneu- 
monitis or indurative pneumonia and 
bronchiectasis. Partial or complete occlu- 
sion of relatively easily compressible 
bronchi of children, by enlarged caseous 
tuberculous tracheobronchial and mediasti- 
nal nodes, may not infrequently lead to 
atelectasis, chronic suppurative pneumoni- 
tis, indurative pneumonia and bronchiecta- 
sis. This mechanism is probably more often 
implicated in the development of bron- 
chiectasis especially in children, than is 
generally recognized. 

ASSOCIATED AND RELATED CHANGES IN 
THE LUNG PARENCHYMA 

The gross pathological changes in the 
lung parenchyma in advanced cases of 
bronchiectasis may be proliferative or 
fibrotic, emphysematous and, destructive 
(cavities). 

Patients with bronchiectasis rarely de- 
velop secondary lung abscess cavities. 
However, when well defined lung abscesses 
develop, they are usually located in previ- 
ously “healthy” and nonbronchiectatic 
areas of the lung. The development of lung 
abscess in previously healthy areas of the 
lung undoubtedly come about as a result of 
a “spill over,” or inhalation of infectious 
secretions originating in the bronchiectatic 
areas. While well developed saccular bron- 
chiectasis has not been seen to disappear, 
we have obser\fed the slow contraction and 
final disappearance of lung abscess cavities 
in cases with bronchiectasis. (Figs. 7 to 10.) 

Proliferative or fibrotic changes in the 
lung parenchyma are present to a varying 
degree in most, if not all cases of bron- 
chiectasis. The degree of such changes may 
be minimal and largely linear and scarcely 


demonstrable roentgenologically, occasion- 
ally even in cases with extensive bron- 
chiectasis. The degree of pulmonary fibrosis 
is apparently often related to the amount 
and character of infectious secretions pres- 
ent. This relationship may also be just the 
reverse. We have not Infrequently observed 
cases with extensive dry bronchiectasis in 
which fibrotic changes were conspicuous by 
their absence, to the extent that even 
saccular bronchiectasis might be over- 
looked on the roentgenogram. 

In other cases in which there is consider- 
able wideljf distributed cylindrical bron- 
chiectasis of long standing, associated 
emphysematous changes may largel}’^ ob- 
scure roentgenological evidence of pul- 
monary fibrosis. In still other cases, 
emphj'sematous changes may so dominate 
the clinical and roentgenological picture, 
that the primary underlying bronchiectasis 
ma3' not be suspected. Occasionally, the 
emphysematous changes may be largel}' 
limited to the bronchiectatic lobe or 
lobes. (Fig. 8.) This is particularly true 
in the earlier phases of the disease, but 
as lobar emphysema progresses, as is 
frequently likely, compensatory emphy- 
sematous changes now become obvious m 
the nonbronchiectatic lobes as well. 

More or less simultaneous with the 
extensive development of pulmonarj’ fibro- 
sis and emphysema, secondary related 
changes of the thoracic cage gradual!}" 
develop, further limiting the respiratory 
function and increasing the miserable 
existence of these sufferers of chronic 
anoxemia and toxemia. The intercostal 
spaces become widened, the entire bony 
cage is more or less fixed in the position of 
deep inspiration, the diaphragms are flat- 
tened and greatly depressed into the ab- 
dominal cavit}" and their bellows action is 
markedly diminished. As a consequence of 
these associated and related pulmonary 
and chest wall changes, the pulmonary 
reserve is greatly diminished and in many 
cases, maj" become so depleted that the 
least physical effort or slight upper respira- 
tory infection may lead to moderate or 


New ScRjus VoL LIV, No. t 


Riggins — Bronchiectasis 


Americ.ui Journal of Surgery 


57 



Fig. II. R. F., .i \\hite female, was 
thirteen years of age when admitted 
to Bellevue Hospital in 1031. She 
was sent to tiie hospital because of an 
hemoptysis and with a diagnosis of 
advanced tuberculosis of the left 
lung. She gave a history of having 
had pneumonia “many times ’’during 
early childhood and had had cough 
and e.\pectoration as long as she could 
remember. Examination showed a 
well nourished girl, apparently in 
good general health, and moderate 
dubbing of the fingers. The right 
lung was negative on plnsic.al 
evamin.ation but there was marked 
dullness and diminished to almost 
absent breath sounds throughout 
the left side. A'-ray at tliis time 
showed dense homogeneous clouding 
throughout the left lung with small 
areas of decreased densities suggest- 
ing underlying bronchiectasis. The 
sputum was repeatedly negative for 
tubercle bacilli. Lipiodol bronchog- 
raphy revealed complete occlusion 
of the left main bronchus. Bron- 
choscopy revealed a tumor mass in 
the left main bronchus. A consider- 
able portion of the tumor was 
removed and immediately there- 
after the patient raised large quan- 
tities of purulent sputum having an 
extremely foul odor. The biopsy 
from the bronehus revealed benign 
adenoma, thought by some, how- 
ever, to be carcinoma. The remainder 
of the bronchial tumor was removed 
through the bronchoscope by Dr. 
John D. Kernan. Serial \-ravs 
showed marked clearing of the left 
lung. Lipiodol bronchogram (Fig. 1 1 ) 
shows extensive cylindrical and 


severe dyspnea or orthopnea, marked 
fatigue, weakness, mental lethargy, head- 
ache, anorexia, loss of weight and, not 
infrequently, marked psychological dis- 
turbances characterized by periods of 
depression, melancholia and, rareljs de- 
mentia. Blood studies may show compensa- 
tory pseudopolycythemia and hypochromic 
anemia. Such cases are hopelessl}* in- 
capacitated, though frequentl}" not actualh' 
ill or febrile for long periods of time. 

As a result of the protracted anoxemia 
and toxemia, serious damage to man}' vital 
organs may eventually develop. Amyloid 
degeneration of the kidneys, liver, spleen 
and intestines is not infrequent. M3'ocardial 
degeneration, cor pulmonale, and eventu- 
ally right-sided heart failure, and occasion- 
al brain abscess, may develop. 

Bearing in mind the variety, degree and 
severity of the pathological changes both in 
the lung parenchyma and bronchi, and the 
frequency of anaerobic infection, often 
resulting in foul odor of the sputum, it is 
not diflicult to visualize the morbidity and 
mortality of untreated or unsuccessfully 
treated cases of bronchiectasis. 

MORBIDITY 

While the mortality of untreated, medi- 
cally and surgically treated bronchiectasis 
has been studied and reported by many 
clinics, the morbidity, a condition most 
dilTicult to appraise, has seldom been given 
the consideration it rightfullv deserves. 

Chronic invalidism of a physical and 
psychological nature, often from early 
childhood through a prolonged miserable 
life, with the ultimate prospect of death 
either resulting from pneumonia, lung 

saccular broncliiectasis involving 
both lobes. The patient gradually 
lost all cough and expectoration, her 
general condition improved, and 
during the past ten j’ears, she has 
completed her high school education 
and is now working full time as a 
stenographer, enjoying good health. 

The bronchiectasis has remained 
“dry” during the past seven years 
with rare exceptions following colds. 
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abscess, pulmonary hemorrhage, heart fail- picture of the disease is not ahvaj^s visual- 
ure or some related complication, is the ized by the surgeon or internist. I have seen 
picture that both surgeon and internist experienced general surgeons refuse to do 



Fig. 1 6 . H. V., a white male, aged fortj’-two, was referred 
by Dr. Jacobsen in 1937 because of repeated hemoptyses, 
cough, large amounts of occasionally foul smelling 
sputum, chest pain, occasional bouts of fever and 
marked fatigue. A’-ray examination of the chest in 1922 
by another physician, revealed a large area of dense 
clouding in the mid-third of the right lung field adjacent 
to the hilum. The only symptoms at the time were 
severe chest pain and dry cough. Tumor of the medias- 
tinum or right lung was diagnosed at the time (1922). 
Diagnosis was confirmed by several phj-sicians and the 
patient was given large doses of deep .v-ray therapy 
during the next few years by different phj-sicians. Chest 
.\-ray in 1937 showed a markedly shrunken and fibrotic 
right lung, apparently resulting from damage to the 
lung by large doses of ,v-ray resulting in chronic inter- 
stitial and indurative pneumonitis. Lipiodol broncho- 
gram revealed extensive cylindrical bronchiectasis on 
the right. About one year later, January, 1938, the 
patient died of bronchopneumonia of the left lung. 
Autopsy by Dr. Jacobsen revealed, among other things, 
extensive chronic interstitial pneumonitis of the right 
lung with adhesive pleuritis, bilateral bronchopneu- 
monia and e.xtensive bronchiectasis of the riglit lung. 
The case is cited to show the deleterious effects on the 
lung tissue and bronchi of large doses of deep .v-ray 
therapy. Figure 16 is a sagittal section through the right 
lung showing e,xtensive fibrosis and thickened pleura and 
bronchiectasis. Courtesy of Dr. Victor Jacobsen, Troy, 
New "^'ork. 


should visualize in considering the morbid- 
ity and treatment of many patients vith 
bronchiectasis. Unfortunately, the complete 


lobectomy on a young nurse, in fairly good 
general health, with right lower and middle 
lobe saccular bronchiectasis, who had 
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suffered a long period of invalidism, includ- 
ing social maladjustment and serious eco- 
nomic reverses, many of her patients not 
desiring her services because of chronic 
cough, severe halitosis and foul odor to the 
sputum, because at the time the patient 
was seen by the surgeons, the symptoms 
were comparatively mild — the optimum 
time for lobectomy. 

In considering the morbidity of their 
living cases of medicall}' treated bron- 
chiectasis, Perry and King state that “most 
of the patients continue to have the same 
symptoms of cough, sputum and occasional 
hemoptysis. Often the amount of sputum 
increases and becomes foul in odor, though 
the patient mercifully may lose his ap- 
preciation of this fact through the loss of 
his sense of smell. He remains, however, 
unpleasant to relatives and friends, and 
suicide figuring twice in the causes of death 
in our series, indicates the patient’s own 
unhappiness in living with his disease.” 

In assessing the “living capacity” of the 
nonsurgically treated group of their pa- 
tients, the same authors estimated that 
“38 per cent were in excellent condition 
(despite the fact that more than 90 per cent 
continued to have cough and expectoration, 
and almost a third continued to have occa- 
sional hemoptyses), 42 per cent were in fair 
condition and 15 per cent in poor condi- 
tion, with 5 per cent in extremely poor 
condition.” 

Despite these rather high percentages of 
patients in excellent to fair condition in 
this exceptionally well studied and large 
series of cases, it is well known that the 
condition of bronchiectasis patients ebbs 
and flows with the years and the seasons. 
In this connection, it might be mentioned 
that, while we agree in part with Perry and 
King that bronchiectasis, per se, rarely 
spreads to lobes other than those involved 
when the patient is first seen, nevertheless, 
we have frequently observed areas of fibro- 
sis and suppurative pneumonitis enlarge 
and extend to previously uninvolved lung, 
and associated emphysematous changes 
become progressively worse. These fibrotic 


and emphysematous changes not infre- 
quently dominate the clinical picture. Since 
relapse and remission, progressive fibrosis 
or pneumonitis, emphysema, chronic tox- 
emia and anoxemia, characterize the natu- 
ral course of the disease, it is reasonable to 
assume that the observed morbidit}'^ and 
mortality of bronchiectasis become greater 
the longer the cases are under observation. 

Estimating the morbidity of any group 
of chronicall}^ ill patients is difficult and 
hazardous, and at best, founded on impres- 
sions rather than scientific facts. Despite 
these handicaps, an appraisal of the one 
hundred cases of bronchiectasis observed at 
the Lenox Hill Hospital Clinic during 
the past ten years, has been attempted 
by studying the number of hospital 
admissions, the frequenej'^ and severity 
of respirator}’- infections, the attacks of 
bronchopneumonia and acute or subacute 
attacks of so-called bronchitis, and pleurisy, 
the occurrence of hemoptyses, miscellane- 
ous related illnesses, chronic sinus disease, 
the ability of the patient to work, their 
psychological state and social adaptability, 
and finally, whether or not the disease 
remained unchanged, improved or became 
worse. While a statistical analysis of these 
data is impossible, nevertheless, a fairly 
definite impression based upon close and 
prolonged personal observation and supple- 
mented by a detailed analysis, give one a 
fairly complete picture of the morbidity in 
this group of cases. 

Readmission of many of these patients to 
the hospital ward for reasons related to 
their bronchiectasis, was generally quite 
frequent, and varied from one to seven 
times during the maximum observation 
period of ten years. The definite impression 
is gained that readmission to the hospital 
of our bronchiectasic cases, was consider- 
ably more frequent than was true of pa- 
tients having pulmonary tuberculosis and 
treated in the same clinic. Respiratory 
infections, including so-called bronchitis, 
atypical and typical attacks of broncho- 
pneumonia, occurred much more frequently 
in the group of bronchiectasic patients than 
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in the patients -with tuberculosis. Many 
bronchiectasic patients had from three to 
five atypical or tj’^pical attacks of broncho- 
pneumonia during the ten-j-ear period. It is 
reasonable to assume, that others had 
mild attacks of bronchopneumonia without 
being admitted to the hospital. Hemoptysis, 
though usually not large in amount, was a 
frequent and disturbing sjunptom, and was 
often followed by febrile attacks, with 
increase in cough and expectoration and 
occasional!}' the development of foul odor 
to the sputum. So-called head colds, exacer- 
bation of chronic sinusitis, pleurisy, and 
asthmatic and asthmatoid attacks occurred 
frequently and seriously interfered with 
their work or studies in school. 

Both clinical and laboratory studies 
show that many of these patients are 
“under-par” and not uncommonly develop 
nonpulmonary conditions directly or in- 
directly related to their poor general 
health. It was of interest that one patient 
developed complete prolapse of the rectum, 
and several others, inguinal herniae, condi- 
tions apparently indirectly related to 
chronic and excessive cough. 

The working ability or the desire to work 
on the part of many of these patients of this 
economic status, is difficult to evaluate 
with any degree of accuracy, especially 
when present day relief measures often 
provide these people with greater economic 
security than does the work which is avail- 
able to them, and which is frequently inter- 
rupted during the winter and spring seasons 
by exacerbations of their symptoms or 
relapse of their disease. In the living and 
traced patients, approximately 25 per cent 
have been able to do full time work as a 
general rule, and 40 per cent have been able 
to do part time work, their work being 
frequently interrupted by relapse of the 
disease. The remaining 35 per cent were 
either unable to work at all because of the 
severity of their symptoms, or had given up 
the idea of economic rehabilitation because 
of the psychological effect of the disease. 
These various physical and psychological 
factors which constitute the morbidity of 


the disease are undoubtedly responsible for 
the frequent failures in most of their 
endeavors of life. Little wonder that the}'^ 
become frustrated, depressed and are not 
over energetic or ambitious. 

Churchill has forcefullj- emphasized the 
psychological handicap or morbidity of 
bronchiectasis. An appraisal of our patients 
in this regard reveals that this ver}'^ impor- 
tant handicap was seldom properly evalu- 
ated by the physician and was frequently 
largel}’^ left to the social worker in the clinic 
or relief agency. In many patients, serious 
psychological handicaps undoubtedly play 
an important part in their social maladjust- 
ments, more especially those having chronic 
cough and foul odor to the sputum. The 
fact that 70 per cent of our adults are still 
single, and 6.6 per cent of those married are 
either divorced or separated, and that only 
25 per cent are doing full time work, many 
of these their own housework, emphasizes 
the great importance of the psychological 
as well as physical morbidity which appar- 
ently caused three of our patients to 
threaten suicide. Seemingly it also was an 
important factor in the development of 
paranoia in another patient, necessitating 
hospitalization in a ps3^chiatric institute, 
and led two pf Perry and King’s patients to 
commit suicide. 

Thus, chronic invalidism beginning in 
childhood and often continuing throughout 
life, characterized by mental lethargy and 
inaptitude, physical unfitness and debility, 
and social maladjustment, is not infre- 
quently the inevitable picture of man}" 
advanced, untreated and unsuccessfully 
medically treated cases of bronchiectasis. 
Indeed the morbidity in many cases of 
advanced bronchiectasis with suppurative 
pneumonitis, consisting of chronic in- 
validism, psychological changes ranging 
from mild depressive states to psychopathic 
personalities, complete economic insecu- 
rity, a life alone, apart, helpless and hope- 
less, is perhaps a greater problem for the 
internist, psychiatrist and surgeon than is 
the actual mortality of bronchiectasis, 
convincing as it is of the ultimate fate of 
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most patients with untreated and medically 
treated bronchiectasis. Little wonder that 
Churchill states that young adult patients 
rarely hesitate to elect a chance for cure if 
the possibility is offered. On the contrary, 
we regret with Churchill, that “Unfor- 
tunately, we still see the patient who 
returns to his famil}^ doctor for advice and 
is told that the operation (lobectomy) is an 
impossible one and that to consent to it 
means certain death.” 

An estimation of the present status of 
our untreated and medically treated living 
cases based on their symptoms, general and 
local conditions, shows that 13.3 per cent 
are regarded as improved, 46.6 per cent 
essentiall}'^ unchanged and 41.1 per cent 
definitely worse than when first seen. We 
have not succeeded in curing any case of 
well developed bronchiectasis with medical 
measures including climatic treatment, 
x-ray therapy and bronchoscopy. The 
treatment of bronchiectasis is surgical, 
where major surgery is feasible and not 
contraindicated. 

MORTALITY OF UNTREATED AND 
MEDICALLY TREATED 
BRONCHIECTASIS 

While it is well known that many pa- 
tients with extensive bronchiectasis may 
live out their normal span of life, it is also 
well recognized that this is an exception to 
the general rule. From reports in the litera- 
ture and observations at Bellevue and 
Lenox Hill Hospitals, it is the impression 
that the majority of patients with bron- 
chiectasis, succumb to some form of re- 
spiratory illness, or complication, either 
before or during the fourth or fifth decades. 

Comparatively few large series of cases 
have been followed for sufficiently long 
periods of time, and for this reason, avail- 
able comprehensive statistical studies of 
the mortality of the disease are somewhat 
limited. The reported mortality rates vary 
widely, depending upon the duration of 
observation, age at onset, type, extent, 
severity and location of the disease, and the 
predominant types of micro-organisms 


implicated. The prognosis in cases of rela- 
tively “dry” bronchiectasis involving the 
right upper or middle lobe with very little 
pulmonary fibrosis and emphysema, is 
relatively good in comparison with that of 
bilateral lower lobe saccular bronchiectasis 
with secondar}' anaerobic infection, exten- 
sive pulmonary fibrosis or suppurative 
pneumonitis. 

In a group of fort3'’-nine nonsurgicaily 
treated cases, observed for a period of six 
3'ears, Roles and Todd report a mortalit}' 
rate of twentj^-three, or 47 per cent. This 
rate is considerablj"^ higher than that usu- 
allj' found in cases observed for similar 
periods of time. In Head’s series of 200 
cases, he found that of those having the 
onset during the first decade, but few were 
living after the age of fort}". While our 
observations have been somewhat similar 
to those of Head, we have a considerable 
number of patients still living in their sixth 
and seventh decades, in whom the onset of 
bronchiectasis was in childhood. 

G. E., male, aged seventy-six, has been under 
obsen-ation eleven years and gives a historj* 
suggesting the onset of his bronchiectasis at the 
age of five or six years. He has extensive 
bilateral cylindrical bronchiectasis involving 
both lower lobes with a moderate degree of 
pulmonary fibrosis and emphysema. 

D. S., male, aged fifty-six, was under obser- 
vation for eight years. He gave a histor}’ of 
repeated hemopt5'ses following “pneumonia' 
at the age of eight. When first seen ten years 
ago, he had saccular bronchiectasis involving 
the entire left lung with extensive pulmonary 
fibrosis resulting in marked displacement of the 
mediastinal structures to the left. Conventional 
serial chest roentgenograms over a period of 
twenty-one years, and lipiodol bronchography 
during a period of nine 3"ears, showed essentialb" 
no change of the pulmonary fibrosis or bron- 
chiectasis. However, the patient finally suc- 
cumbed to his pulmonary disease, d3'ing of 
pneumonia at the age of sixt3"-four, after having 
had known saccular bronchiectasis for twent}'- 
one 3"ears, and a histor}" indicating that he had 
had bronchiectasis for a total of fift3"-six 3"ears. 

These isolated cases are of interest in 
that they indicate that occasional!}" pa- 
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tients with extensive bronchiectasis maj' 
live out the usual estimated life span, 
despite numerous relapses and exacerba- 
tions of the disease. 

In their excellent paper on 400 cases of 
proved bronchiectasis, Perry and King 
report their findings regarding the natural 
course and prognosis of medicall}’ and 
surgically treated cases. They state that 
“A twelve-year study of the entire group 
showed the mortality in the nonsurgically 
treated cases 26 per cent, 41 per cent of 
these dying within five years of the onset 
and 15 per cent living twenty years or 
longer after the onset. Seventj'-eight per 
cent of the dead died directly as the result 
of their disease.” They state further that, 
“The working and living capacity of the 
traced living patients was considered to be 
excellent in 67 per cent of the surgical 
group and in 38 per cent of the nonsurgical 
group.” 

The estimated duration of the bron- 
chiectasis of the entire series of cases (living 
and dead), observed at Lenox Hill Hospital, 
is 16.4 years. The average age of these 
patients is 35.8 years. The known mortality 
of the series collected during ten vears with 
many being observed only for the past 
three or four years, is twelve or 12 per cent. 
However, fifteen patients or 15 per cent 
have not been traced during the past year 
and their status is unknown. The mortality 
for traced medically treated patients is 
1 4. 1 per cent. 

TRE.'\TMENT 

Remission and relapse, natural phe- 
nomena of the disease, should be borne in 
mind when attempting to evaluate the 
value of any form of therapy. 

Since the etiology of bronchiectasis is 
dependent upon many factors, any attempt 
at prophylaxis must be on a general basis 
and essentially designed to build up the 
patient’s resistance to infection and disease. 
The onset of bronchiectasis being most 
frequent during the first decade of life, the 
prevention of the disease devolves about 
the management of the usual diseases of 


childhood, especially the exanthemas, pneu- 
monia, and more especially, streptococcal 
and influenzal pneumonia, and is primarily 
a problem of the pediatrician. 

Children undul}- susceptible to respira- 
torj’^ diseases, especially frequent colds, 
acute bronchitis and bronchopneumonia, 
should have more careful observation than 
is usual. This should include longer periods 
of bed rest than are customarily given to 
patients with upper respirator}' infections, 
and every effort to improve the general 
condition and increase resistance to infec- 
tion. In addition to the usual measures 
taken to bring about this result, removal of 
the child to a warm, dry climate during the 
winter and spring seasons may be of great 
value. Climatic treatment for the extensive 
case of bronchiectasis is only palliative at 
best and should never be substituted for 
surgical treatment where this type of treat- 
ment is indicated and feasible. 

The prompt removal of foreign bodies 
(Figs. I and 2), polyps and benign tumors 
(Figs. 5 and 6), is of great importance, if 
serious infection, frequently anaerobic in 
nature, with the subsequent development 
of bronchiectasis is to be prevented. 
Prompt and adequate treatment of lung 
abscess, including surgical drainage, aids in 
the prevention of residual bronchiectasis. 
Although prophylactic treatment of bron- 
chiectasis at best has very definite limita- 
tions, nevertheless, the prevention of 
bronchiectasis is probably less difficult 
than its cure. Insofar as our present knowl- 
edge goes, there is no medical cure of well 
developed bronchiectasis. The only known 
cure is surgical extirpation of the diseased 
part of the lung. 

During the past number of years, we 
have tried the usual methods of medical 
treatment, howe\'er, without any worth 
while success except for symptomatic 
improvement. These measures consist of 
postural drainage, usually three or four 
times daily, beginning with the early morn- 
ing, and repeating again just before retir- 
ing, the usual efforts to improve the general 
condition and increase the resistance to 
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infection, occa‘;ionniiy, i>neuni(Hln>ia\ in 
cases of reiativeiy dry lienmptoie l>n>n- 
chieclnsis to control hemorrhage, lielioiher- 
apy in the form of ultra-violet light to the 
entire body during winter, occasionally, 
autogenous vaccines, sometimes cr>ml)ined 
with cold vaccine, with tiie hope of prevent- 
ing or minimizing upj)er respiratory infec- 
tions and colds, thereby preventing or 
diminishing their ill eifects on the bron- 
chiectasis. We have not given arsenicals, 
but have iiad patients who transferred to 
our clinic, who had received arsenicals else- 
where, apparently without any i)ene{icial 
cHect whatever. 

X-ray Therapy. In 193.}, Berck first 
advocated .v-ray therapy for the treatment 
of bronchiectasis. In his report of a case, l>e 
stated that "The purpose of this communi- 
cation is to state the rationale and report 
the results of radiotherapy in the treat- 
ment of a ca.se of bronchorrhea in bron- 
chiectasis.” Me postulated that "The 
purpose of the application of radiotherapy, 
briefly, is to render the hypertrophic, hyper- 
secreting bronchial mucosa atrophic and 
thus converted a ’wet’ bronchiectasis into a 
‘dry’ bronchiectasis.” 

The assumption by Berck that "the 
hypertrophic hypcrsecrcting bronchial mu- 
cosa” is the source of the purulent secre- 
tions in bronchiectasis with suppurative 
pneumonitis seems highly theoretical and 
contrary to the general conception of the 
origin of purulent secretions in bronchiecta- 
sis. It seems more logical to assume that 
such secretions arc the product of suppura- 
tive pneumonitis and ulcerative bronchitis 
and bronchiectasis rather than the result of 
a hypersecreting hypertrophic bronchial 
mucosa. Often, the bronchial mucosa no 
longer e.xists as such in bronchiectasis, but 
may be largely replaced bj’’ chronically 
infected granulation tissue. Berck’s theo- 
retical reasons for -v-ray therapy for bron- 
chiectasis seem illogical and not founded on 
the gross pathology and pathological physi- 
ologj*^ of the disease. By 1939, Berck and 
Harris had largely abandoned their first 
theory explaining the rationale of x-ray 


tlura|)y for bronchiectasis and, at that 
time, olfcrcd a second theory, 'riicy state: 
"k'urllicr explanatory hypotheses may be 
atlducecl to explain the .suttcssful action of 
roentgen rays in suppurative bronchiecta- 
sis, such as, possible enhancement of 
immunity processrs both through the 
action of the rays in stimulating antibody 
action, and the physico-chemical altera- 
tions of the local tissue reactions,” 'Ihcy 
conchuled in this report that roentgen 
therapy for suppurative bronchiectasis is 
both "feasible .and successful.” 

Because of Berck's encouraging report of 
t 03 .t. Several [)atients with Irronchiectasis 
were subjected to .v-ray therapy. .Most of 
tile treated patients experienced mild to 
moderate exacerbation of their local pul- 
mon.ary symptoms and some developed 
what appeared to be related febrile attacks 
while receiving treatment. Occasional p.a- 
tienls also developed what appeared to be 
related temjiorary remission of symptoms 
following treatment. We have followed 
these patients with jrarticular interest dur- 
ing the past few years and find that the 
natural course or behavior of their disease 
has been cjuite similar to that before .v-ray 
treatment was begun. We have not ob- 
served lasting improx’cment in any case. 
On the contrary, we believe that this form 
of treatment may result in the development 
of further pneumonitis and irreversible 
fibrosis. The following case illustrates the 
potential and actual disadvantage and 
danger of roentgenotherapx' in the treat- 
ment of bronchiectasis: 

G. L., male, aged thirt\'-four, was acimiltcd 
to the Lenox Mill Chest Clinic in 1934 
saccular bronchiectasis of the lower half of the 
left lower lobe, and cjdindrical ectasia in the 
lingula of the left upper lobe. (Figs. 12 to ly-) 
Therapeutic bronchoscopy had been done over 
a period of many years before coming to our 
clinic, apparently without any improvement m 
his condition. Lobectomy was advised but re- 
fused. Roentgenotherapy was suggested and 
accepted. Before roentgenotherapy was begun, 
there was a moderate amount of fibrosis limited 
to the lower third of the left lung field. The 
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upper half of the left lung was normal on 
physical and roentgenological examinations. 
(Figs. 12 to 15.) 

In the latter part of 1934, and in the summer 
of 1935, the patient was given two series of 
roentgen-ray treatments by the Radiological 
Department. Approximate^' 1,500 r were given 
through each of several portals, with a total of 
6,000 r. Some of the treatments were inadvert- 
ently directed to the upper half or normal part 
of the left lung. A few days after receiving 
treatment over the upper half of the lung, the 
patient developed pain in the left upper chest, 
with a temperature rise to ioi.6°f. and in- 
creased cough and expectoration. After admis- 
sion to the hospital, the chest roentgenogram 
revealed a new area of clouding in the left upper 
half and also increased clouding in the left 
lower third. At first these changes were thought 
to be the result of bronchopneumonia. How- 
ever, the persistence of the inflammatory 
changes in the left upper third, where there 
was no bronchiectasis, and their final conver- 
sion into fibrosis which persisted to some 
degree for over two years, or until the patient’s 
death, convinced the staff that the condition 
was one of .v-ray pneumonitis. 

The fortuitous circumstance that re- 
sulted in the patient receiving considerable 
.v-ray therapy over the left upper, or nor- 
mal lung field, offered an opportunity to 
evaluate more accurately, the effect of such 
a dose of roentgenotherap}' on a part of this 
patient’s normal as well as diseased lung. 
Prior to this experience, evidence of in- 
creased pneumonitis, following .v-ray ther- 
apy to bronchiectatic areas, was thought to 
be due to an exacerbation of the chronic 
pneumonitis. However, the above and 
other observations, and the work of 
Desjardins, Jacobsen and others, convinced 
us that roentgenotherapy, when the dose 
is sufficiently great and purposefully di- 
rected, through several portals to converge 
on a selected area within the lung, may 
cause acute inflammation of the lung or 
pneumonitis. If the damage to the lung is 
tyfficiently severe, permanent or irrevers- 
ible fibrosis may result and actually aid in 
the development of bronchiectasis. This 
has been observed in a case reported by 
Jacobsen. (Fig. 16.) 


Because roentgen therap}'' for bron- 
chiectasis seems illogical, and having ob- 
serv’-ed acute pneumonitis and irreversible 
fibrosis and emphysema develop in a con- 
siderable number of treated patients, and 
since such damage may lead to further 
bronchiectasis and adhesive pleuritis, mak- 
ing future thoracic surgery more difficult, 
it is believed that this method of treatment 
should be strongl}' discouraged. 

Bronchoscopy. Diagnostic bronchoscopy 
is indicated in most cases with suspected or 
known bronchiectasis. However, it is most 
doubtful if therapeutic bronchoscop}' is of 
any benefit except in a very limited number 
of patients, namely, those having foreign 
bodies in the bronchi, benign bronchial 
tumors, partial bronchial occlusion or 
stenosis of the stem bronchi. 

Bronchoscopic lavage with various so- 
called “bactericidal” agents advocated b}' 
some bronchoscopists is not only useless 
but dangerous. Such treatment increases 
the amount and liquidity of infectious 
secretions and materially enhances aspira- 
tion of these secretions into relatively 
health}' areas of lung tissue. We have seen 
severe febrile reactions with the subsequent 
development of new areas of pneumonitis 
following bronchoscopic lavage. This type 
of treatment is useless and should be 
discouraged. 

The failure of medical treatment of 
bronchiectasis, the protracted morbidity 
and high mortality, its tendency to localize 
in one or two lobes, have encouraged thor- 
acic surgeons during the past number of 
years to perfect some successful method 
of treating the disease. Many recent reports 
of the successful surgical treatment of 
bronchiectasis and suppurative disease of 
the lung by Churchill, Overholt, Churchill 
and Beasley, Bohrer, Berry, O’Brien, 
Haight, Heuer, Walker and others, are 
convincing of the rapid advances made 
during the past few years in the surgical 
treatment of bronchiectasis. 

In 1940, Perry and King reported that 
“the operative mortality in 122 modern 
type lobectomies performed on 1 16 patients 
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T he terms, “pulnionary cyst” and 
“cystic disease of the lung,” have 
been applied to a wide variety of 
pathological processes in the lung. Some 
authors include in the catcgor}’ of cysts all 
sizeable fluid or air-containing cavities 
within the lung that are not primarily the 
result of destruction of puimonar}' tissue by 
suppuration or caseation. Other authors 
use the term, “cystic disease of the lung,” 
as synonjTOOus with "congenital cystic 
disease,” thereby inferring that all pulmo- 
nary cysts are congenital. Some cases that 
have been reported as examples of cj'stic 
disease of the lung, however, have been 
acquired lesions. As a result, there is much 
confusion in the literature concerning 
terminology, and authors are in disagree- 
ment as to what conditions should be 
included as pulmonary cysts. 

The usage of the term, “pulmonary 
cyst,” without qualification for a wide 
variety of intrapulmonary air-containing 
cavities is unsatisfactor}'. Although at the 
present time it is sometimes not possible to 
determine clinically the e.xact nature of the 
cavity present in a given case, attempts 
should be made to differentiate the various 
types on the basis of etiolog}’^ and pathol- 
ogy. The mechanics of the cavitj'^ forma- 
tion and the structural characteristics of 
the cavity wall determine the distinctive 
clinical features of the various types of 
cj^st-Iike pulmonary conditions. Rational 
treatment can be applied only when the 
factors which differentiate the various 
types of lesions are evaluated. 

The formation of a cavity in the lung 
depends on either (i) developmental abnor- 
malit}^, (2) destruction of pulmonary tissue 
bj' an inflammatory process, or (3) hyper- 
inflation of a small defect in the pulmonary 
parenchyma, or a combination of these 


processes. Persistence of intrapulmonary 
cavities may be due to one or more of the 
following factors: (i) positive intracavitary 
pressure, (2) progressive destructive proc- 
ess within the lung, (3) loss of e.xpansibility 
of surrounding pulmonary tissue, (4) elastic 
properties of the cavity wail, or (5) epi- 
thelization of the cavity wall. 

The various factors just enumerated 
determine whether a given pulmonary 
cavity is likely’ to disappear spontaneous!}', 
whether the cavity can obliterate itself 
after drainage or whether e.vcision of pul- 
monary tissue is necessary. A cavity which 
owes its size chiefly to hyperinflation by a 
check-valve mechanism of the communicat- 
ing bronchus may have a different clinical 
course than a cavity produced by destruc- 
tion of pulmonary tissue. Decompression 
or drainage may be all that is required for 
the disappearance of a nonepithelized 
cavity if the surrounding lung is elastic, 
but drainage alone will not result in oblit- 
eration of a ca^■ity completely lined by 
epithelium even though the adjacent pul- 
monary tissue is normal. 

The following types of lesions have been 
included under the term of pulmonary cyst 
by some authors: 

1. Nonparasitic Cysts and Cysllike Cav- 
ities: I. Congenital pulmonary cysts: con- 
genital fluid or air-containing cavities in 
the lung which may or may not have an 
epithelial lining. The cysts may become 
expansile because of positive intracavitary 
pressure. The lesions are due to develop- 
mental defects or intrauterine disease, but 
secondary infection may be superimposed. 

2. Cystic bronchiectasis: cyst-like dila- 
tation of the bronchi which may be 
congenital or acquired. 

3. Acquired intrapulmonary cavities 
originally produced by the destruction of 
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pulmonary tissue. The cavit}’- may or may 
not be epithelized. 

4. Pneumatoceles: nonepithelized posi- 



Fig. I. Large infected pulmonary cyst in a four- 
jear old child ^^hich was treated as an em- 
pyema fortwo j ears. Cyst successfully removed 
after diagnosis was established by biopsy of 
cyst wall which revealed lining of stratified 
columnar epithelium. 

tive pressure cavities produced by the 
hyperinflation of a defect in the pulmonary 
parenchj'ina resulting from pulmonary 
infection. 

5. Emphysematous bullae: nonepithe- 
lized pulmonarj’- cavities produced chiefly 
by the disruption of interalveolar septa. 

6. Pulmonary blebs: localized collec- 
tions of air within the pulnionar}’’ inter- 
stitial tissue. 

II. Parasitic Cysts. 

CONGENITAL PULMONARY CYSTS 

Various pulmonary lesions have been 
classified in the literature as congenital 
cysts of the lung or congenital cvstic dis- 
ease. In some such instances the congenital 
origin of the lesion is either open to ques- 
tion or the lesion is definitely an acquired 
one. It is often impossible to ascertain 
definitely' on the basis of the history and a 
single roentgenogram whether the cy'stic 
disease is congenital or acquired. This 
applies to children as well as adults. A 
series of roentgenograms may aid in the 


solution of the problem by^ demonstrating 
changes which are inconsistent with one or 
the other type. In some instances the sus- 



Fig. 2. Huge pulmonry cyst simulating a tension 
pyopneumothorax. Note strand of tissue ex- 
tending out from pulmonarj' hilar region and 
traversing cavity. (Fig. 3.) There is consider- 
able mediastinal displacement. Prolonged 
drainage resulted in little diminution in size of 
cavitj-. 

pected congenital nature of the cy'st has 
been disproved by the chance existence of a 
previous roentgenogram demonstrating no 
pulmonary abnormal ityL^® It must be 
realized that infection and mechanical de- 
rangement in the lung may result in the 
formation of huge intrapulmonary'^ air 
cavities. These pneumatoceles and emphy^- 
sematous bullae frequently cannot be 
differentiated radiographically^ from con- 
genital cy'sts of the lung. The problem is 
not merely of academic interest because 
the behavior of congenital and acquired 
cysts differs somewhat and the treatment 
may', therefore, be altered. 

Congenital cysts of the lung may' be fluid 
or air-containing and may' be single or 
multiple. The size of the cy'sts varies 
markedly. It has been assumed by some 
authors that all the air-containing cysts 
were originally fluid cysts which later rup- 
tured into a bronchus. Following the dis- 
charge of the fluid contents, air entered the 
cyst cavity'. The frequency of this sequence 
of events cannot be established on the 
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basis of the data available at present, but nature of the cysts in some cases is open to 
it seems to be an uncommon occurrence. question. Schenck^- studied the incidence 
Congenital cysts may be lined by a of the various types of cysts. In 38 per 



Fig. 3 Photomicrograph of cross-section of strand of tissue traversing cavity 
in Figure 2. There is a complete covering of stratified columnar epithelium 
and the cord-lihe strand contains bronchi. These findings indicate that 
cavity IS mtrapulmonary. 

cylindrical, cuboidal or flattened epithelium 
or the cyst may have no definite epithelial 
lining. The epithelium may be destroyed 
by secondary infection. Some of the cysts, 
but especially those without an epithelial 
lining, may become inflated to a huge size 
by a check-valve mechanism of the com- 
municating bronchus. 

Koontz® in 1925 could find only 108 cases 
of congenital cysts of the lung in the litera- 
ture. Included in this group were a few 
cases of conditions such as diverticula of 
the trachea or main bronchi, solitary cysts 
of the tracheal or bronchial wall, and cysts 
of aberrant lung tissue and accessory lobes. 

Moreover, it is impossible to be sure that 
all of the pulmonary lesions were con- 
genital in origin. The paper by Koontz 
stimulated interest in the subject and a 
large number of reports have appeared 
since. In 1937, Schenck^- collected 381 
cases of congenital cystic disease of the 
lung from the literature, but the congenital 


cent of the cases the cysts were solitary 
and in 62 per cent multiple. In 23 per cent 
of the cases solitary or multiple fluid C3"ste 
were present and in the other cases air 
cysts were found. Somewhat less than hall 
of the cases were observed in infanej^ and 
childhood. Congenital cj'^stic disease of 
the lung may be associated with other 
congenital anomalies. Cystic disease maj^ be 
found in aberrant intrathoracic lung tissue. 

Congenital pulmonarj^ cj'sts ma}^ 
S3TOptoms shortl3f after birth or in child- 
hood, but in some instances there are no 
pulmonary S3imptoms until adult life or 
the pulmonar3r C3’^sts are unexpected roent- 
gen or autopsy findings. The most common 
symptoms are cough, d3fspnea and expec- 
toration. Recurring attacks of d3'spnea 
and C3'^anosis are common in infants. Fever, 
hemopt3fsis and thoracic pain ma3'^ be 
present, especially in adults. D3'spnea and 
cyanosis are most prominent in the posi- 
tive pressure air C3’sts. 
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The fluid-containing congenital pulmo- cavities appear as round or oval areas of 
nar^’’ cj^sts usually cause no symptoms until increased radiolucenc}'. The location and 
secondary infection occurs. If the cyst is contour of the area of radiolucency may 



Fig. 4. Large infected intrapnlmonary cavity in an adult. Follo^^ing thoracotomy with drainage 
the cavity obliterated completely. Biopsy showed no epithelial lining. 


large or if there are multiple cysts, dyspnea 
may be present. When the fluid cyst rup- 
tures into a bronchus, an air cyst may 
simpi}’- result,^ or the cyst may become 
filled with pus. Infected solitar}- pulmonar}' 
cysts, whether congenital or acquired, may 
simulate a pulmonary abscess or an encap- 
sulated empyema. (Fig. i.) 

Air cysts ma}* be asymptomatic, but not 
infrequently due to a check- valve mecha- 
nism of the communicating bronchus the 
cyst becomes hyperinflated and may assume 
a huge size. These positive pressure cysts 
may compress the adjacent pulmonary 
tissue to a marked degree so that dj'spnea 
and c3’anosis may result. These balloon 
C3’sts maj- encroach on the remaining pul- 
monary tissue to a sufficient degree to 
cause death due to respiratory insufficiency. 

The physical signs vary and are rarely 
diagnostic. The roentgenographic findings 
are the most important clinical evidence in 
the diagnosis of pulmonary cysts. The 
fluid cysts appear on the roentgenogram 
as round or oval areas of increased densit}'. 
If the cyst communicates with a bronchus, 
a fluid level may be present. The air-filled 


serve to differentiate an intrapnlmonary 
cavit}*^ from a localized pneumothorax. In 
expansile cysts there ma}^ be evidence of 
compression of the surrounding pulmonary 
parenchyma. The large positive pressure 
C3''sts ma}- occupy almost an entire hemi- 
thorax and may even displace the medias- 
tinum markedh’^ toward the opposite side. 
(Fig. 2.) This latter type of c^’-st is fre- 
quently’^ incorrectly'^ diagnosed as a tension 
pneumothorax. The two conditions can 
usually be differentiated radiographically, 
however, because in the case of a huge 
cy’st there is no prominence at the pulmo- 
nary* hilum representing collapsed lung, and 
the costophrenic sinus contains compressed 
pulmonary tissue. 

The treatment of congenital cystic dis- 
ease of the lung depends on the character 
and distribution of the lesions. The impor- 
tance of differentiating congenital cy’sts 
from acquired nonepithelized intrapulmo- 
nary cavities such as pneumatoceles, which 
may disappear spontaneously’, should be 
borne in mind. Occasionally’ large fluid 
cysts disappear spontaneously.- Expansile 
air cysts may’ present a serious problem in 



72 


American J ouinal ol Surgery 


Maier — Pulmonary Cysts 


OcrrouER, i94> 


infancy. Due to progressive enlargement the uncollapsed cyst. Moreover, aspiration 
of the cyst, the normal lung is encroached may give very transient relief due to the 
upon and serious or even fatal respiratory rapidity with which the air re-accumulated 



Fig. 5. Bronchiectasis with bullous emphysema of right lower lobe, a, large and small bullae in 
costophrenic sulcus; b, bronchogram shows saccular bronchiectasis of right lower lobe. Some 
pneumothorax is present. 


difficulties may ensue. Attempts to deflate 
large balloon cysts by aspirating the con- 
tained air have been made repeatedly. The 
procedure is a dangerous one because in the 
case of the congenital cysts, particularly in 
infants and children, the pleural space is 
often not obliterated. Therefore, after the 
aspiration of air from the cyst, there is 
frequently leakage of air into the pleural 
space. A tension pneumothorax often re- 
sults. If the patient's respiratory reserve 
has alreadj'^ been seriously encroached upon 
by the compression of pulmonary tissue by 
the cysts, the tension pneumothorax may 
prove fatal unless it is immediately con- 
trolled. It should not be assumed that, as 
the air leaks out of the hole in the cyst wall 
into the pleural space, the cyst will neces- 
sarily collapse. The defect in the cyst wall 
may also act like a check-valve mechanism 
and permit air to leak into the pleural space 
during inspiration but less readily permit 
air to re-enter the cyst from the pleural 
space during expiration. Therefore, the ten- 
sion pneumothorax may merely displace 


in the cavity because of the check-valve 
bronchial communications. Occasionally 
closed tube drainage is satisfactory. A few 
large expansile cysts have been treated suc- 
cessfully by lobectomy or pneumonectomy 
in childhood. Infected cysts should he 
drained. Sometimes the visceral and parie- 
tal pleura are not agglutinated even over 
a large cyst which extends close to the chest 
wall, and, therefore, steps must be taken 
to avoid pleural contamination at the time 
of thoracotomy. Following drainage the 
cavity may or may not become obliterated. 
If an epithelial lining is present, this lining 
must be destroyed before the cavity wnl 
disappear. Many of these latter cases require 
removal of the cyst wall or lobectom}^ In 
some cases the infection may'^ destroy'^ the 
cyst wall and obliteration result. Destruc- 
tion of the cy^st wall by" caustics has occa- 
sionally been successful. 

In cases of multiple cysts in one lobe or 
even in one entire lung, lobectomy and 
occasionally pneumonectomy is indicated. 
Large infected solitary cysts of the lung 
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are often erroneously diagnosed as encap- pleura alone in cases of chronic empyema, 
sulated empyema before operation, and at If the infected C3^st cavity is for the most 
times the true condition is not recognized part filled with air, the roentgenogram may 



Fig. 6. Huge intrapulmonary air cavity in patient with chronic pulmonary tuberculosis and pul- 
monary fibrosis and emphysema, a, postero-anterior roentgenogram show s absence of pulmonary 
markings in large part of right lung field; b, outline of cyst-like space is indicated by arrows on 
lateral film. 


during or after operation.® A striking char- 
acteristic of an epithelized pulmonar^’^ cj^st 
is its failure to diminish appreciably in size 
over long periods of time despite adequate 
drainage. The roentgenologic examination 
is frequenti}’- of great aid in the differentia- 
tion of emp3"ema and infected pulmonarj'^ 
cj'sts, but the two lesions cannot be dis- 
tinguished b}”^ this means in some cases. 
The contour of the fluid pocket is often of 
differential diagnostic value in that the 
outline of a cj'st is spherical or oval in 
both postero-anterior and lateral projec- 
tions, whereas the outline of an encapsu- 
lated empj’ema maj' be triangular or 
fusiform and conforms more to the contour 
of the thoracic cage or neighboring struc- 
tures in the region it occupies. Little 
evidence of pleural thickening maj’^ be seen 
on the roentgenogram of a person with a 
pulmonary- c^'^st even though the infection 
is of man}* months’ standing. The combined 
thickness of the c^’^st wall and pleura ma}”^ 
be less than the thickening of the parietal 


show strands of pulmonary tissue travers- 
ing the cavity, and the correct diagnosis 
should then be suspected. The presence of 
other pulmonar}’’ cysts, either fluid or air- 
containing, ma}^ give a clue to the correct 
diagnosis. It must be remembered, how- 
ever, that an infected pulmonary c^^st and 
empyema ma}*^ co-exist. 

At operation an absence of periosteal 
reaction on the inner surface of the over- 
l^dng ribs ma}*^ be noted in the case of an 
infected pulmonar}’^ cj'^st. This differential 
point is of greater significance if the infec- 
tion has been present for a considerable 
length of time. Instead of finding the 
thickened parietal pleura characteristic of 
an emp3^ema, the pleura ma}'^ be quite thin. 
It ma}" be noted that the pulmonar}^ tissue 
is traversed in reaching the pus; but this 
finding does not necessaril}’- mean that one 
is dealing with an intrapulmonar}'- process 
because the approach to an encapsulated 
emp3^enia may be through pulmonar}’- 
tissue if an improper drainage site is 
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chosen, or if the empyema does not extend 
to the thoracic wall. Pulmonarj^ tissue may 
be present or absent in the outer wall. If 



Fig. 7. Pneumatocele in adult with pneumonitis. 
Arrows indicate air cavity with thin wall. 


present, it may be so thin that it can be 
recognized only microscopically. A biopsy 
will usually definitely establish the correct 
diagnosis. The wall of the bronchiogenic 
type of pulmonary cyst is usuallj^ lined by 
ciliated columnar epithelium, perhaps with 
areas of squamous metaplasia, and it may 
contain glands, smooth muscles, elastic 
tissue,^ lymph follicles and cartilage. How- 
ever, infection in a pulmonary cyst may 
cause destruction of the epithelial lining, 
so that in such instances a biopsy which 
does not show characteristic tissue does not 
rule out the possible existence of a pul- 
monary cyst. 

At the time of drainage of a pulmonary 
cyst it may be noted th^at a portion of a 
cavity wall has the appearance of a lattice 
lung with multiple bronchial fistulas. The 
presence of many small bronchial fistulas 
on the inner surface of the cavity wall 
should be regarded with suspicion, al- 
though many fistulas may be present in 
an empj ema with an associated pulmonary 
abscess which has ruptured into the pleural 
space. In cysts with the appearance of a 
lattice lung, cord-like strands sometimes 
extend across the cavity. These cord-like 


structures resemble the septa which are 
seen in multiloculated pulmonary ab- 
scesses, or the adhesions which contain 
pulmonary tissue in cases of pulmonary 
tuberculosis with pneumothorax. If a 
biopsy of one of these strands shows it to 
be covered completely by respiratory type 
of epithelium, the intrapulmonary nature 
of the lesion is demonstrated. (Fig. 3.) 

If the true nature of the condition is not 
recognized at the time of the original drain- 
age and the case is treated as an empyema, 
a striking feature in the postoperative 
course is the failure of the cavity to dimin- 
ish progressively in size despite adequate 
drainage for months or 3'ears and without 
the presence of markedly thickened pleura. 
An initial decrease in size usually occurs 
due to the fact that the contents of the 
cavity were under pressure before drain- 
age was instituted. The cavity of a pul- 
raonar}'^ C3'^st will maintain its spherical or 
oval shape after drainage in contrast to 
the usual elongated shape of an empj’^ema 
cavity^ Associated with the failure of the 
cavity to collapse, any mediastinal dis- 
placement to the contralateral side which 
was present before surgical drainage may 
remain to a greater or less extent. The 
diaphragm maj^ not become elevated as it 
tends to in the healing of an emp^^ema 
cavity'. The smooth, shining wall of the 
C3'st is also in contrast to the fibrotic or 
granulating surface of the interior of an 
emp3'ema. A bronchogram following drain- 
age of a c3-st ma3' be of aid in the dif- 
ferential diagnosis. 

Treatment of large infected pulmonary 
C3'sts with an epithelial lining should con- 
sist first of surgical drainage of the purulent 
contents b3' thoracotom3'. In cases of sus- 
pected C3'st, a rib resection rather than an 
intercostal ty'pe of drainage should be done 
to enable the operator to visualize the 
interior of the cavity' and to secure a 
biopsy'. If the first biopsy' specimen is in- 
conclusive, another more satisfactory speci- 
men should be obtained. With subsidence 
of the inflammatory process in the cyst, 
the smoothness of the lining wall may be- 
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come more apparent grossly and the 
biopsy examination more satisfactory. 

Several reports in the literature mention 
unsuccessful attempts to obliterate the 
large cavity vhich persists after drainage 
by various forms of collapse procedures, 
such as thoracoplasty and phrenicectomy. 
Collapse procedures are definitely contra- 
indicated as the primary method of treat- 
ment in the obliteration of these cavities; 
healthy lung will be sacrificed, and an 
incomplete collapse of the cyst will result. 

The only procedures which result in 
obliteration of the pulmonary cavity are 
those which destroy or remove the epithe- 
lial lining. Chemical or electrosurgical 
cauterization of the epithelium are rarely 
effective. Furthermore, this method does 
not seem practical if numerous free bron- 
chial communications are present and if 
there is a well developed epithelized wall 
with muscle and elastic tissue. 

Removal of the cyst wall is the most cer- 
tain method of treating the epithelized 
pulmonary cyst. This may be done by 
removal of the lobe containing the cj’st or 
by enucleation of the cj’st itself. If no 
definite line of cleavage around the cyst is 
present, lobectomy is the preferable pro- 
cedure; otherwise, serious bleeding or air 
embolism may result. Lobectomy ma}* be 
technically more difficult than the usual 
lobectomy for bronchiectasis. Anomalous 
vessels of large size, especially branches 
penetrating the diaphragm, may be en- 
countered. The patients are usually chil- 
dren or young adults, and they are, 
therefore, at an age period when major 
intrathoracic procedures are borne well. 
^^'ith the infected contents of the cyst 
drained, ample time should be taken to 
permit subsidence of the inflammatory 
reaction and to improve the patient’s 
general condition before radical surgery is 
employed. 

CYSTIC BRONCHIECTASIS 

Cystic bronchiectasis is included under 
pulmonary cysts by many authors. Some 
classify bronchiectasis as one form of con- 


genital cystic disease of the lung. Yet, we 
definitely know that c^’^stic bronchiectasis 
may also be an acquired lesion secondary to 
bronchial obstruction b}’’ tumor or other 
process. It would seem best to classif}’’ 
cystic bronchiectasis as a form of bron- 
chiectasis rather than consider the lesion 
as a type of pulmonar}* cyst. 

Cystic bronchiectasis is treated similarl}’’ 
to other types of bronchiectasis. Lobec- 
tomy or pneumonectomy is indicated if 
the process is not too wide spread to war- 
rant surgical excision of the involved areas. 
If untreated, the prognosis is not good 
because the extensive structural changes in 
the lung leave a fertile field for secondary 
infection. In some cases, however, the 
symptoms may be relatively slight for long 
periods of time. 

ACQUIRED INTRAPULMONARY CAVITIES 

ORIGINALLY PRODUCED BY INFECTION 

Cavitation in the lung parenchyma ma}’’ 
remain indefinitely in cases of pulmonary 
suppuration even after the infection has 
subsided. The long persistence of the 
cavit}- of a pulmonar}'^ abscess after sub- 
sidence of the inflammatory process is 
usually due to the fibrosis of the adjacent 
lung, but is occasionally caused by the in- 
growth of epithelium into the cavity from 
the communicating bronchi. The cavity 
may be lined by cuboidal, columnar or 
metaplastic squamous epithelium. The epi- 
thelization of the cavity ma}* be partial or 
complete. A similar process may sometimes 
occur in an old tuberculous cavit}- in which 
the active tuberculous involvement has 
disappeared. Histological examination of a 
portion of the cavity wall is necessary to 
demonstrate whether epithelization of the 
cavity has occurred. A nonepithelized 
cavity remaining after pulmonary sup- 
puration may have similar clinical findings. 

If the patient has been studied radio- 
graphically during the course of the acute 
pulmonary suppuration, the origin of the 
intrapulmonary cavity may be readily 
evident. In such cases the typical roentgen 
findings of a pulmonar}* abscess cavit\' 
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with a fluid level and surrounding pulmo- 
nary infiltration may have been observed. 
With improvement of the infection the 
cavity may become empty and the sur- 
rounding infiltration clear. Whereas in 
most instances the cavity progressively 
diminishes in size as the infection subsides, 
in occasional cases the cavitj^ persists. This 
is most likely to occur in cases of chronic 
lung abscess or in those cases in which 
there is considerable fibrosis of the adja- 
cent pulmonary tissue which interferes 
with expansion of the surrounding lung. 
Epithelium may extend from the communi- 
cating bronchi into this persisting cavity. 
The epithelization then in turn prevents 
cavity obliteration. This process maj^ occur 
both in pulmonary abscesses which have 
subsided through bronchial drainage or 
following surgical drainage of the purulent 
contents. 

If the patient is first observed after the 
cavity has become empty of pus and the 
surrounding pulmonary infiltration has 
disappeared, it may be difficult to deter- 
mine the mode of development of the 
cavity. It is under such circumstances that 
confusion with congenital cysts may arise. 
It may be erroneous^ assumed that the 
infection was superimposed on a pre- 
existing congenital pulmonary cyst. (Fig. 
4.) At times it may be difficult or impos- 
sible to differentiate roentgenographically 
an epithelized cavity from a pneumatocele. 
The former, however, usually has a thicker 
wall and does not change much in size, 
whereas the latter has a thin wall and ma\'^ 
fluctuate considerably in size or disappear. 

The epithelized cavity per se requires no 
treatment. At any time, however, the 
cavity may become re-infected through its 
bronchial communication. The pulmonary 
tissue surrounding such cavities, moreover, 
is usually chronically diseased. Pulmonary 
fibrosis, emphysema and bronchiectasis are 
frequently present. For these reasons, 
lobectomy or pneumonectomy is often 
indicated. Drainage of the cavit3' alone 
will not result in healing unless the 
secondarj' infection destroys the epithelial 


lining. It is rarely feasible to excise the 
cavity wall or destroj’' the epithelium by 
cautery or caustics. 

EMPHYSEMATOUS BULLAE 

In pulmonary emphysema there is frag- 
mentation of the elastic tissue with rupture 
of the interalveolar septa. In most cases 
of pulmonarj'- emphysema the number of 
alveolar septa which rupture in a given 
area is sufficient to produce only a small 
cavity. The disruption of the interalveolar 
septa majj^ be fairly uniform throughout 
the lung although there is a tendency for 
the process to be pronounced in certain 
areas, especially' along the border of the 
lung and in the pulmonary^ apices. In 
cases of diffuse emphy'sema, the roent- 
genogram shows increased radiolucency 
throughout the pulmonary field. If, on the 
other hand, extensive disruption of the 
interalveolar septa occurs in a localized 
portion of the lung, a large cavity, called a 
bulla, is produced. (Fig. 5.) 

Obstruction to the egress of air from an 
emphysematous area in the lung probably 
plays a role in the development of an 
emphysematous bulla as it does in the 
formation of a pneumatocele. In the case 
of the emphy-sematous bulla this increased 
intracavitary pressure is transient as during 
coughing. If the cavity'- constantly' had a 
positive intracavitary- pressure, we would 
classify" the lesion as a pneumatocele even 
though it occurred in an emphy'sematous 
lung. The reason for the distinction is that 
therapeutic measures of a deflating type 
would be of value only" if positive intra- 
cavity" pressure existed. 

One or more such bullae may- be present. 
The cavity is lined by the \valls of the sur- 
rounding alveoli and there is no true epi- 
thelial lining. The bullous cavity has a 
rather poor communication with the bron- 
chial tree by means of one or more small 
bronchi. The bulla shows on the roent- 
genogram as an area of even greater 
radiolucency than the surrounding emphy- 
sematous lung. If the bulla is large, there 
may be an absence of pulmonary markings 
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in that region. In some instances the out- 
line of the bulla maj- be clearly defined on 
the roentgenogram, but frequentlj* the 
borders are indistinct, at least in certain 
projections. (Fig. 6.) Emphysematous bul- 
lae are, therefore, an advanced form of 
emphysema, and it seems more appropriate 
to employ the term emphysematous bulla 
rather than call a large bulla a pulmonary 
cyst. Emphysematous bullae have to be 
diflerentiated from localized pneumothorax, 
pulmonary blebs and pneumatoceles. The 
differentiation of an emphysematous bulla 
and a localized pneumothorax is fre- 
quently difficult. The history and physical 
findings are usually of little aid. The 
roentgenogram is of greatest help. The 
outline of the bulla is round or oval and 
it may not extend to the chest wall as a 
pneumothorax does. In certain projections, 
especially the lateral view, the outline of 
the air cavity may be clearl}- defined as a 
thin line. Although it is impossible to draw 
a definite line of distinction between 
emphysematous bullae and pneumatoceles, 
attempts should be made to difl'erentiate 
the two conditions. If the intrapulmonary 
air cavity is produced chiefly or entirely by 
the disruption of interalveolar septa and 
inflation of the cavity by a check-valve 
mechanism in the bronchus is absent or 
plays a minor role, the lesion is classified 
as an emphysematous bulla. If, on the 
other hand, the size of the cavity is largely 
due to hyperinflation of an originally small 
cavity produced by disruption of a few 
interah'colar septa or a small area of 
pulmonary destruction, the lesion is classi- 
fied as a pneumatocele. The differentiation 
of bullae and pneumatoceles is of practical 
Importance in a consideration of the clini- 
cal course of treatment. As a result of the 
different mechanics of the two conditions, 
emphysematous bullae do not disappear 
but tend to increase slowly in size, while 
pneumatoceles may rapidly increase or 
diminish in size and not infrequently dis- 
appear completely and spontaneously. 

Kaltreider and Fray’ studied the patho- 
logical physiology of the lungs in six 


patients with air-filled pulmonary cavities. 
The patients had pulmonary fibrosis and 
emphysema with emphysematous bullae 
of varying size. In half of the cases the 
total lung capacity, as well as the vital 
capacity was reduced while the residual air 
was only slightly increased. These findings 
indicate that in these cases the volume of 
the cyst is not included to a significant 
degree in the residual air. Therefore, the 
empln’sematous bullae were poorly \'en- 
tilated because of poor communication 
with the bronchial tree. In the remaining 
cases there was a marked decrease in \'ital 
capacity- and a corresponding increase in 
the residual air with a relatively normal 
total capacitx*. The findings in these latter 
cases are typical of those of obstructive 
pulmonar\’ emphysema. 

The treatment of bullous emphysema is 
unsatisfactory. As it is a part of pulmonary 
emphysema and fibrosis, the involvement 
of the lungs is usually widespread. The 
patient may have dyspnea and even 
cyanosis. Sometimes there is marked re- 
spiratory insufficiency. Secondary to the 
pulmonary fibrosis there is hypertension 
of the pulmonary circuit and frequently 
right ventricular hypertrophy. Needling of 
emphysematous bullae is dangerous be- 
cause a tear in the thin wall of the bulla 
may cause a tension pneumothorax. 

Although emphysematous bullae have 
been discussed in this paper on pulmo- 
nary cysts we have done so chiefly in order 
to point out the difference between a bulla 
and other lesions which may have been 
classified as pulmonary C3’sts. It seems best 
to consider an emphysematous bulla as a 
locally advanced stage of pulmonary em- 
phj'sema rather than call the bulla a cyst 
after it attains a certain size. 

PULMONARY BLEBS 

Pulmonary blebs are collections of air 
in the interstitial tissues of the lung. The 
air is localized in the interlobular connec- 
tive tissue and just beneath the pleura. 
Pulmonary blebs are caused by the rup- 
ture of alveoli and the dissection of air 
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slight at this time. Another roentgenogram 
taken a few days later may show marked 
enlargement in the size of the cavity. By 
this time the patient may be afebrile and 
almost free of pulmonary symptoms. If 
there is some cough present, it is usually 
productive of little sputum. In other 
words the clinical picture is rather incon- 
sistent with a large acute pulmonary 
abscess. At this time the radiologist reports 
the presence of a large abscess cavit3^ In 
view of the rapid increase in size of the 
cavity as seen on the roentgenogram it maj- 
be concluded that rapid destruction of 
pulmonary- tissue is taking place and sur- 
gical drainage mav be considered advisable. 
The clinical significance of a large mtra- 
pulmonar\’ cavity* produced bj' tissue 
necrosis is very different from a large 
cavity which owes its size to hyperinfla- 
tion. Pneumatoceles do not require surgical 
drainage. The correlation of the clinical 
course with the serial roentgenographic 
findings will usually permit a proper 
differentiation. 

In infants and children especiall}-, pneu- 
matoceles maj* attain huge size. One or 
more pneumatoceles ma}- occupy' almost an 
entire hemithorax and markecll}’ compress 
the surrounding pulmonar}* tissue. Peirce 
and Dirkse^® have followed the course of 
such pneumatoceles over a period of time. 
Some pneumatoceles ma}’ disappear in a 
few weeks while others persist and often 
fluctuate in size over a period of months or 
years, although the patient is asympto- 
matic. The pneumatocele may disappear 
spontaneously after it has been present for 
months or even vears. At anv time while 
the pneumatocele is present, however, a 
flare-up of the pulmonary infection may 
occur. 

A pneumatocele usually requires no sur- 
gical treatment in contrast to congenital 
pulmonary cys'ts and huge abscess cavities 
from which it must be differentiated. 
Extirpation of a lobe or the entire lung has 
been performed in a few cases of pneumato- 
cele, but the advisability of lobectomy or 
pneumonectomy seems questionable if the 


lesion is truly a pneumatocele. It is only if 
persistent marked compression of adjacent 
pulmonary* tissue causes respiratory diffi- 
culty* that surgical therapy* is warranted. 
Then decompression of the pneumatocele, 
performed in such a way* as to avoid a 
tension pneumothorax, is indicated. Intra- 
cavity suction by* catheter may* be 
satisfactory^ 

Caffey^^ has stressed the importance of 
differentiation of the cavitation of a pul- 
monary^^ abscess from the regional obstruc- 
tive pulmonary emphysema associated 
with infections of the respiratory tract in 
infants and children. After partial contrac- 
tion the cavities may’^ re-expand without 
the recurrence of inflammatory changes in 
the adjacent lung and without re-accumu- 
lation of fluid in the cavities or signs of 
infection. If the size of the cavity^ were 
regarded as a criterion of pulmonary de- 
struction, it would be erroneously decided 
that the pulmonary^ suppuration was pro- 
gressing and surgical measures were indi- 
cated. A similar situation is occasionally 
encountered in the aerobic pulmonary'^ in- 
fections in adults. 

PARASITIC CYSTS 

Parasitic cysts of the lung are uncom- 
mon in North America. “ Echinococcic or 
hy'datid cy^sts are the most important ty^pe 
of pulmonary cyst. Hydatid disease is most 
common in the Mediterranian region, 
Australia, New Zealand and parts of South 
America.** Of the small number of cases of 
echinococcic cysts of the lung which have 
been reported from the North American 
continent, in all except a few instances the 
disease was probably acquired while living 
in another part of the world. Hydatid cy^sts 
usually involve the liver, but the lungs are 
the second most frequent site of involve- 
ment. Hydatid cysts of the lung may^ be 
primary or secondary; the primary'^ cyst is 
the more common. The right lung is in- 
volved more frequently^ than the left. The 
base of the right lung is a frequent site of 
hyatid cysts due to extension of the disease 
from the liver through the diaphragm. 
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An intrapulmonary echinococcic C 3 ^stmay 
cause no sj'^mptoms for a long period of 
time unless rupture into the bronchus or the 
pleural cavity has occurred. In some cases 
cough is an annojdng symptom. Hemop- 
tysis is common. Pain ma}'^ be present and 
dj^spnea may be produced by a large cj'st. 
The intrapulmonarj'- hj^’datid appears on 
the roentgenograms as a round or oval area 
of increased density. The borders of the 
shadow are less sharply defined than in the 
case of solid tumors. The shadows maj' be 
single or multiple. There ma^’^ be evidence 
of associated pleural involvement. As the 
pulmonary hj'datid enlarges, it msLy rup- 
ture either into a bronchus or the pleural 
cavity. If rupture into a bronchus has 
occurred, a fluid level ma}^ be present 
within the cyst. When an echinococcic cj'st 
ruptures into the bronchial tree, salt}'- 
tasting, clear fluid may rush into the 
mouth, and portions of cyst wall may be 
coughed up. Godfrey® states that deepl}^ 
placed peribronchial cj^sts frequentl}' un- 
dergo spontaneous cure if thej’- rupture 
into a bronchus. After a hydatid cyst has 
ruptured into a bronchus, the cyst maj^ 
become secondarily infected and the spu- 
tum foul. Then the patient presents the 
picture of pulmonar)^ suppuration. Echi- 
nococcic cysts may be differentiated from 
nonparasitic fluid containing cysts, intra- 
pulmonary tumors or abscesses, localized 
empyema and mediastinal cysts. The pre- 
cipitin test, the intraderma 1 test, and 
the complement fixation test combined 
with the demonstration of an eosinophilia, 
which is present in half the cases, may aid 
considerablj- in the diagnosis. Aspiration 
of the hydatid cj'St is contraindicated be- 
cause of the danger of spilling the contents 
of the cyst into the pleura and because of 
the possibility of anaphjflaxis. If the cj^st 
has ruptured into a bronchus, booklets 
may be demonstrated in the expectorated 
material. 

Most authors recommend surgical ther- 
apy for the large echinococcic cysts. Earlv 
surgical treatment is also indicated in 
small, subpleural echinococcic cysts be- 


cause there is considerable risk of spon- 
taneous rupture into the pleural cavity 
and the chance of spontaneous cure by 
rupture into a bronchus is poor. Surgical 
intervention is not usualh'^ recommended 
for the small deeply situated cy^st near the 
pulmonary^ hilum because of the frequency 
of spontaneous cure in this group following 
rupture into a bronchus. In the removal of 
an echinococcic cy'st it is important to 
avoid contamination of the pleural space. 
Some surgeons recommend complete extir- 
pation of the cy^st with closure of the chest 
without drainage. A one-stage operation 
may be performed with suture of the 
pleural lay^ers if adhesions are not present. 
In the two-stage operation the first stage 
is given over to the creation of adhesions 
between the lung and the pleura, and the 
cy^st is removed at the second operation. 

CONCLUSIONS 

The indiscriminate grouping of a variety 
of pulmonary lesions as pulmonary cysts 
leads to confusion. The various lesions 
should be classified according to etiology 
and pathology- as far as this is possible. 

Many acquired lesions have been in- 
correctly assumed to be congenital; radio- 
graphic differentiation of congenital and 
acquired cy-sts is often not possible. 

Unless the mechanism of development 
and the pathological characteristics of a 
pulmonary'^ cavity^ are considered, the cor- 
rect therapy may- not be employ-ed. 

Cavities produced by pulmonary' dc* 
struction must be differentiated from 
cavities produced chiefly' fay' hy'perinflation. 
The treatment of epithelized and non- 
epithelized cavities frequently differ. 

Surgical therapy' play's an important 
role in the management of certain types oi 
pulmonary cysts. 
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A REALLY simple goiter, . . . without either toxicity or degeneration, 
is really only a deformity caused by the distention of follicles with col- 
loid, a physiologic disturbance capable of being influenced by therapeutic 
measures. 
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E xcluding neoplasm, pulnionar}^ 
abscess is one of the most serious 
diseases of the lung. The mortality 
in reported series ranges from 30 to 50 per 
cent. Sweet ^ reported a mortality rate of 
34 per cent in 124 cases; Cutler and Gross- 
reported 38 per cent in eight3'^-five cases; 
Brunn^ reported 60 per cent in 205 cases. 
Manjf other patients who did not actuallj'^ 
die in the hospital were left as chronic 
pulmonary invalids due to irreparable 
damage to the lung bj' the infectious 
process. It is rare to find a reported cure 
rate of 50 per cent or over. In the past few 
years, Neuhof and associates, and Over- 
holt and Rumel’ have shown markedly 
improved results in acute cases treated bj' 
prompt surgical drainage. Neuhof® and 
his group had four deaths in 104 acute 
abscesses, while Overholt and RumeP 
reported two deaths in thirtj'-five “simple” 
(mostly acute) abscesses. Even more im- 
portant was a cure rate of 94 per cent in 
Overholt and Rumel’s series. 

It is the purpose of this paper to add 
evidence to that contained in the recent 
reports, to indicate a broadening of the 
indications for surgical treatment, and to 
support the view that pulmonarj^ abscess 
should be considered primarilj'' a surgical 
disease from its onset. Conclusions are 
based upon twentj'-five consecutive cases 
treated b}^ the author with but one 
operative death. 

DEFINITION 

Pulmonarj' abscesses due to the tubercle 
bacillus or secondarj' to neoplasms are not 
included in this study. Likewise, multiple 
lesions on a definiteh’ bronchiectatic basis 
or as a part of a generalized pj'emia are 


excluded. Certain of the rare conditions 
such as infections due to Friedlander’s 
bacillus or to fungi are not within the scope 
of this discussion. It does include, however, 
all other types and no effort has been made 
to consider separately various classifica- 
tions such as acute or chronic, simple or 
complicated, putrid or aputrid, localized 
or diffuse, single or multilocular, or pul- 
monary gangrene. The undertying patho- 
logical process is the same in each instance; 
and although the manifestations may 
differ, the principle of early adequate 
drainage has been followed in all. However, 
the fulminating diffuse lesions or the 
frankly gangrenous processes will not yield 
as good results as are obtained in the 
treatment of earl}^ acute, single abscesses. 

BACTERIOLOGY 

The bacterial flora of pulmonar^f abscess 
is variable. Usuall}'^ a mixture of staph}'* 
lococci and streptococci is found with 
frequent other associates. Both aerobic and 
anaerobic organisms are present in most 
instances. Specific therapy either with 
neoarsphenamine or one of the sulfonamide 
drugs has been disappointing, and bac- 
teriology for the present has been relegated 
to a place of minor importance. Details of 
treatment may have to be varied according 
to the etiological organism but the princi- 
ples of treatment are the same for all types. 

It appears that most of the destructive 
and necrotizing organisms are either strict 
or facultative anaerobes. Reports on the 
bacteriology, unless including careful an- 
aerobic cultures, are not significant. Many 
abscesses will be found to contain sterile 
pus if only aerobic cultures are taken. 
Although some of the organisms are very 


* From the New England Deaconess Hospital, Boston, .Massachusetts. 
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virulent under certain conditions, many lectomy or tooth extraction. Some abscesses 
are easily destroyed by an unfavorable follow pneumonia, especially if the pneu- 
environment. Studies of these organisms nionic process is due to a staphylococcus. 



Fig. 1. A diagramatic drawing Illustrating the close 
proxiniitj- of the pulmonary and bronchial arteries to the 
corresponding bronchus. 


must take such factors into account. It 
is our practice to aspirate secretions from 
the abscess into a test tube at operation. 
This- material is then transferred immedi- 
ately to a thermos bottle and kept at body 
temperature until it reaches the laboratory 
and is plated on various media. Such 
cultures most always show a mixture of 
organisms with staphylococci and strepto- 
cocci predominating. Vincent’s organisms 
may be recovered from the gums of a 
patient with a lung abscess, but they are 
not frequenth* encountered in the abscess 
cavity itself. 

PATHOLOGY 

We subscribe to the belief that aspiration 
of infected material into a bronchus is the 
primary cause of most pulmonary* absces- 
ges s.9,10 yiiig material niaj'^ be inhaled from 
infected gums during sleep or at operation. 
It may be detritus at the time of tonsil- 


Although other factors, such as a septic 
embolus, are occasionallj'^ responsible, it 
seems likely that all but the exceptional 
case are due to aspiration. 

When the bronchial lumen to a segment 
of lung becomes occluded, the portion of 
lung bevond becomes atelectatic and a 
perfect environment for anaerobic organ- 
isms is established. The spread of infection 
to the peribronchial structures impairs the 
blood suppl}'- to the segment bejmnd and 
hence in the course of a few days the area 
may become necrotic and symptoms of 
lung abscess appear. The close relationship 
of the bronchus and blood supply to a pul- 
monary lobule is shown diagrammatically 
in Figure i. Peribronchial infection need 
not be extensive to include the accompany- 
ing branch of the pulmonary artery. 

Mathes, Holman and Reichert” found 
that bronchial occlusion in the dog was 
universally fatal unless the foreign body 
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(sponge) was removed. Likewise pulmonary 
embolus although well tolerated in the 
absence of infection was always followed 
by abscess formation in the presence of 
infection. A septic bronchial obstruction 
by extension of the infection to the accom- 
panying pulmonary arter}' resulting in 
thrombus formation can provide this seri- 
ous combination. 

Infection in a pulmonary segment calls 
forth the usual protective inflammatory 
wall. This protective wall is seen on in- 
specting the interior of the abscess cavity 
at operation and is further evidenced by 
the almost universal finding of pleura! 
symphysis over the peripheral portion of 
the abscess. When this protective process 
is not sufficient, extension of the necrotiz- 
ing pulmonary process to the surface of 
the lobe results in empyema. 

Pulmonary abscess is a segmental lesion 
as shown by Glass. The causative factor 
is located centrally and is the source of the 
diminished blood supply to the peripheral 
portion of the segment. Pulmonary arteries 
are end arteries, thus the periphery of a 
lobule has the poorest blood supply. This 
region, therefore, is the first to undergo 
dissolution and the abscess first becomes 
manifest in this area. The periphery of the 
lobule forms the peripher}^ of the lobe, thus 
abscesses due to bronchial occlusion must 
be in contact with either the chest wail, 
interlobar fissure, diaphragm or medi- 
astinum. Abscesses which have been re- 
ferred to as “central” are those not facing 
the lateral chest wall, or are so located as 
to project “centrally” on the postero- 
anterior roentgenogram. 

BASIS FOR EARLY SURGICAL DRAINAGE 

A certain percentage of lung abscesses 
will regress spontaneously and many of 
these may give no further symptoms after 
a period of medical management. The 
exact number that will do so is unde- 
terminable but it is probably in the vicinity 
of 20 to 35 per cent. Medical management 
includes a good hygienic regime with 
postural drainage, medicaments, broncho- 


scopic aspiration and pneumothorax. The 
latter, however, has been almost abandoned 
due to the high incidence of serious or even 
fata! complications- Reported series include 
King and Lord's report;*^ 40 per cent of 
the patients were cured and the mortality 
was 35 per cent among those treated 
medically, Rosenblatt’* reports 7 per cent 
cured and 47 per cent dead. Jackson and 
Judd® report 42 per cent cured and 29 per 
cent dead by medical measures including 
bronchoscopN'. However, in the series of 
Jackson and Judd there were thirt3"-seven 
other patients who were referred for surgi- 
cal treatment, eighteen or 48 per cent of 
whom died, making a true raortalit}' rate 
of 36 per cent for the whole series. 

When medical management should cease 
in a given case and surgical treatment be 
instituted is a difficult question to decide. 
Most authors favor a period of six weeks 
to three months before considering surgical 
drainage. The results of surgery in such a 
group are likelj' to be poor, as those pa- 
tients have suffered the effects of a long 
septic illness. Cutler and Gross- reported a 
mortality of 38 per cent in their group of 
eighty-five surgical cases, and Allen and 
Blackman'*’ reported a mortalitj’ of 30 per 
cent in ninetj'-four cases. These figures 
based as they are on a group of poor risk 
patients after protracted medical manage- 
ment do not give a true picture of the pos- 
sible surgical results. Assuming that of 
one hundred cases of lung abscess, thirty 
will recover spontaneously'^ and 60 per cent 
of the remaining seventy will get well 
following surgery, it still leaves a 28 per 
cent mortality for the group as a whole. 
No one can predict which case will heal 
spontaneously or when a given case will 
become complicated. If surgery' can cure 
more than 72 per cent of the group as a 
whole by operating upon all patients early 
in the disease, it would be better to operate 
upon all as in the end more patients would 
be living and well. 

The same line of reasoning applies to 
the time at which operation should be 
carried out. If one cannot foretell with 
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certainty the stage at which complications 
will develop, all patients should be oper- 
ated upon before any enter the complicated 
state. Rives, Major and Romano^® in a 
study of one hundred fatal cases reported 
that 75 per cent of that group were frankh* 
hopeless within one month of the time of 
onset. Sweet^ reported four deaths out of 
eleven patients operated upon who had 
entered the hospital within four weeks of 
onset. He further states that “of 14 cases 
in which death occurred without operation, 
10 died in less than 2 months after the 
onset of the disease.” Jackson and Judd*^ 
found that eleven of twenty-five deaths 
occurring on “conservative” therap}' were 
within two months of onset. 

The principles of drainage of pulmonar}- 
abscess are essentially those which apply 
to an abscess in any other location. These 
are thorough and adequate drainage of the 
process at the earliest time and with as 
little disturbance of surrounding normal 
structures as possible. The small and incon- 
stant lumen of an inflamed bronchus does 
not provide adequate drainage for a pul- 
monary abscess. A small opening of a 
comparative size would be considered 
wholly inadequate for an abscess located 
elsewhere. The frequent finding of a large 
amount of thick inspissated material with- 
in the abscess at the time of operation is 
further proof of the inadequacy of bron- 
chial drainage. How can open drainage be 
provided with safety? It is necessary to 
take advantage of the superficial location 
of the lesion and the adhesions formed by 
the process. This can be done if there is 
accurate roentgenological localization. 

ROENTGENOLOGICAL LOCALIZATION 

Accurate preoperative roentgenographic 
localization is vitall}* important. Pleural 
symphysis is most secure and extensive 
over that portion of the abscess that is 
nearest the periphery. This site must be 
determined roentgenological!}'. 

Preliminary fluoroscopic study will aid 

determining the most advantageous 
position for taking the roentgenographic 


plates. Postero-anterior, lateral and an- 
terior oblique views will usuall}' be suffi- 
cient. It ma}’ be necessary to supplement 
these conventional views by overexposed 
or Bucky films, or projections of var3'ing 
obliquity. 

After the location of the abscess has been 
determined, its exact relationship to the 
chest wall should be checked by a repeated 
series of films after placing an appropriate 
radio-opaque marker. In placing this marker 
allowance for the shift of the chest wall 
structures must be made. The marker 
should be placed with the patient in the 
same position he will assume upon the 
operating table. NeuhoPs practice of in- 
jecting a mixture composed of 2 to 3 m. of 
lipiodal and a dye into the intercostal 
muscles is helpful. The lipiodal will be seen 
on the films and the dye provides a visible 
landmark at operation. We have found 
that lamp black is more suitable than some 
of the dj'es in that it remains visible in the 
tissues for a longer time. 

ONE-STAGE OPERATION PREFERABLE 

The possibility of contamination of the 
pleural space or a dessicating infection of 
chest wall structures are advanced as 
reasons for employing a two-stage pro- 
cedure. It has been found by Neuhof,'’’^ 
Overholt and Rumel,’' and confirmed by 
our own observations that if the abscess 
faces the thoracic cage, pleural s^miphysis 
will be found if the lesion is properly 
localized. The area of adherence may not 
be large but will be sufficient for safe 
drainage. It is interesting to note that in 
the report of Overholt and Rumel" empy- 
ema occurred as a postoperative complica- 
tion four times as often after the two-stage 
drainage as after a one-stage procedure. 
By sealing off the fascial planes as described 
below, the fear of a dissecting cellulitus is 
more theoretical than practical. By obviat- 
ing the former objections to the one-stage 
procedure this method becomes applicable 
to all abscesses except those facing an 
interlobar fissure, the diaphragm or medi- 
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astinum when chest wal! adhesions may 
not be present. 

The lapse of time between stages of a 
two-stage procedure may be hazardous. 
Even shortening the usual interval to 
onl}^ one or two days does not remove the 
risk. Occasionally, the first stage operation 
is followed by an exacerbation of the 
process or an extensive spread, thus con- 
verting a simple lesion to a complicated 
problem. 


ANESTHESIA 

It is our practice to employ procaine 
hydrochloride paravertebral block plus 
local infiltration. 

Caution must be exercised to prevent 
spill-over of purulent material to other 
parts of the same lung or to the contra- 
lateral lung during operation. It is usually 
necessary to have the patient lie \vith the 
affected lung uppermost thus favoring 
“crossfire” spread. Such a complication 
can be minimized by use of a rather steep 
Trendelenburg position and close observa- 
tion by the anesthetist, who should en- 
courage the patient to cough and raise any 
material that may drain into the tracheo- 
bronchial tree. The use of positive pressure 
oxygen administered by means of a properly 
fitted face mask provides a further safe- 
guard. This is begun as soon as the chest 
wall drainage path has been prepared. 
Maintenance of positive intrabronchial 
pressure causes air to flow from the interior 
of the tracheobronchial tree toward the 
exterior through the bronchial fistula com- 
municating with the drainage tract. This 
blows any discharge from the abscess out- 
ward rather than allowing it to drain 
internally. Maintenance of the positive 
intrabronchial pressure furthermore tends 
to keep the periphery of the lung and the 
chest wall in apposition and lessens the 
likelihood of tearing friable pleural ad- 
hesions. The positive pressure is maintained 
until the abscess is drained, packed, the 
dressing applied, and the patient placed 
upon his operated side. 


OPERATIVE TECHNIC 


The patient is placed on the table so 
that the site for the incision is conveniently 
located. Marked Trendelenburg position 
is used to favor drainage of bronchial 
secretions and to minimize the possibility 
of cerebral air embolism. The site of in- 
cision depends entirely on the location of 
the most peripheral portion of the abscess. 
It is placed so as to expose the rib directly 
over the center of the lesion. A five-inch 
skin incision is usually sufficient. If the 
operative field is in the axilla, a Y-shaped 
incision may be used to advantage as this 
prevents too rapid closure of the chest wall 
structures. The skin and subcutaneous 
tissues and muscles are divided down to 
the underlying ribs. A four-inch segment 
of the rib is subperiosteally resected, the 
ends sealed with bone wax and the corre- 
sponding intercostal bundle is ligated at 
either end. The intercostal nerve accom- 
panying the rib above is crushed. With a 
continuous suture of fine chromic catgut, 
the subcutaneous fascia and intercostal 
structures are approximated so as to s^l 
off all fascial planes. (Fig. 2.) At this point 
the anesthetist begins the administration 
of oxyfgen under moderate positive pressure 
so as to keep the lung and chest wall in 
apposition. An incision is made through the 
periosteal bed until the lung is encountered. 
This establishes by actual inspection the 
presence or absence of pleural adhesion^ 
If they are found, one may proceed Mth 
drainage. If not, localization has probabfy 
been inaccurate or the lesion does not point 
on the chest wall. It is wise then to place a 


oiece of gauze with a metal marker 
:ached, such as a Michel skin clip, m the 
ncision, pack the wound and re-examine 
;he patient roentgenographically to check 
ihe localization. If adhesions are present, a 
(7 or 18 gauge needle attached to a syringe 
s introduced i to 2 cm. into the underlying 
ung. If the localization is correct, pus^ or 
bul-smelling air should be obtained im- 
nediately. The needle is left in place as a 
mide and with the actual cautery a 
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moderate-sized opening is made in the wall 
of the abscess. (Fig. 3.) Large openings are 
to be avoided as they may extend beyond 



Fig. 2 . Drawing to show suturing of subcutaneous 
fascia to the periosteal bed. A segment of rib 
has been subperiosteally resected. The accent' 
panjnng intercostal vein, artery and nerve have 
been ligated and divided. 



the cauterj- after aspiration witii a 
needle. Note the sucker which re- 
moves smoke from the operative 
field and prevents spillage of the 
contents of the cavitj". 

the zone of pleural adhesions. A suction 
tube removes sniohe from the operative 
field, and prevents gross contamination of 
the wound by the contents of the cavity. 
The cavity is evacuated with the sucker 
and material obtained for culture. With 
as little manipulation as possible, the 
cavity is cleaned out and packed lightly 
with dry gauze. It is our practice to place 
4 to 5 Gm. of powdered sulfathiazole into 
the abscess, and another 1 to 2 Gm. are 
sprinkled into the wound to discourage 
bacterial growth. 


A piece of rubber dam with an opening 
to allow drainage is sewn to the edge of the 
drainage tract to make subsequent dress- 



Fig. 4. Drawing illustrating the 
use of rubber dam to prevent 
adherence of the gauze pack to 
the wound. The rubber dam is 
sewn down to the intercostal 
structures. 



Fig, 5. Illustrating the method of preparing a 
safe drainage tract for an abscess pointing 
on the diaphragm. A segment of rib has been 
removed. The gauze pack inserted to the 
border of the abscess will cause adhesions to 
form, thus sealing off the pleural space. 


ings easy to change. (Fig. 4.) This prevents 
the gauze pack from becoming adherent to 
the skin and subcutaneous structures. A 
dressing is applied and the patient turned 
upon the operated side, and then and only 
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then is the positive pressure oxygen 
discontinued. 

TECHNIC FOR ABSCESSES NOT FACING THE 
THORACIC WALL 

Abscesses facing the interlobar fissure, 
diaphragm or mediastinum may demand 
a two-stage drainage in order to provide a 
safe drainage tract through a nonadherent 
pleural space. The site of drainage is 
selected that is nearest to the underlying 
abscess. The operation is carried out as in 
the one-stage procedure to and including 
the incision of the pleura. The costal pleura 
may be found nonadherent. The space 
between the chest wall and the abscess is 
packed with a strip of gauze as illustrated 
in Figure 5. Two to five days later, the 
pack is removed and the abscess opened 
and treated as in the one-stage operation. 

-MULTIPLE ABSCESSES 

Many abscesses become multiloculated. 
If the loculations all originated as direct 
extensions from the original process, they 
will be found to communicate with the 
main cavity and thus all may be drained 
at one time. In some cases adequate drain- 
age may not be obtained and subsequent 
cauterization becomes necessar}'. This usu- 
ally can be carried out through the original 
approach. Pulmonary suppuration follow- 
ing staphylococcic pneumonia may present 
a complicated problem. One or more seg- 
ments of the lobe usually contain multiple 
abscesses filled with thick, almost gelati- 
nous pus which drain poorly through the 
bronchi. The entire segment ma}* have to 
be destroyed by repeated cauterizations. 
This may necessitate an approach from 
more than one avenue. 

Distinct multiple abscesses in separate 
parts of the same lobe or in different lobes 
will be found in some cases when first 
obseiA-ed. (See Cases 1 1, I2, 16, 19 and 21.) 
These must be drained through separate 
approaches at separate operations, attack- 
ing the largest or most acute process first. 

In special instances in which the process 
is of long duration with marked pulmonaiA' 
fibrosis and accompanied by extensive 


bronchiestasis, resection of the involved 
lobe or lung maj’ be indicated. In general, 
the results of lung resection for acute 
abscesses are encouraging but still entail a 
quite high mortality.^’' Preliminar}’ drain- 
age to enable the patient to improve may 
be a necessary- first step.^ 

POSTOPERATIVE MANAGEMENT 

Care of the operative site is most impor- 
tant. In general, the original dressing is 
left in place from four to seven days. Plain 
dr}' gauze seems to be the best packing 
material. If the secretions are malodorous, 
the responsible anaerobic organisms can 
be quickly brought under control by pack- 
ing the cavity daily for a fevi' days with 
gauze soaked in zinc peroxide. The fre- 
quency of change of the pack is determined 
by the amount and character of the dis- 
charge. Dusting the inside of the abscess 
with sulfathiazole has been found effective 
in combatting bacterial grovth. As the 
healing process progresses, the walls of the 
cavity close in and when it becomes too 
small to pack easily, a soft rubber tube is 
inserted and fastened securely in place 
with adhesive strips to a safety pin which 
is passed through the end of the tube. The 
caliber of the tube can be diminished as 
the sinus decreases in diameter. With- 
drawal of the tube is not to be hurried. It 
may take several months for the healing 
process to be completed. The tube should 
not be less than i or 2 cm. shorter than the 
sinus. It must be left in place until the 
bronchial fistula has closed. This will take 
place spontaneously in all but a veiy* fc"’ 
cases. After waiting several months, it may 
be necessary to resort to a muscle plastic 
closure of the bronchial fistula. This rarely 
has been found to be necessary in our cases. 
In no instance in which it has been used 
has it failed to produce permanent closure 
of the fistula with resultant solid chest wall 
healing. 

AVOID.ANCE OF COMPLIC.ATIONS 

Complications are usually due to an 
inaccurate approach to the lesion. This 



Nc\\ SciiiES VoL. LIV, No. i 


Betts Pulmonary Abscess Amcric.in Journal ofSurgcry 89 


may result in either pleural contamination 
or in complications due to approaching the 
abscess through a portion of normal lung 
tissue, or both. Finding extensive pleural 
adhesions may lead to the false belief that 
one has accurately localized the abscess 
because adhesions may be present which 
bear no relation to the abscess. If one can- 
not obtain pus or foul air on aspiration, 
e.xtreme caution should be exercised, and 
in most instances further .v-ray studies are 
in order. Establishing a drainage tract 
through normal lung parenchyma opens 
fresh tissue to infection and increases the 
danger of air embolus. Our findings bear 
out Neuhof’s^ statement that the most 
superficial portion of the cavity wall is 
avascular. The abscess may be opened in 
this area without danger of air embolus. 

RESULTS 

The results of surgical treatment of lung 
abscess based upon a consecutive series of 
twenty-five* patients treated by the author 
are summarized in Table i. There were 
twenty-four recoveries with one death 
(4.0 per cent). All patients except the one 
fatal case showed marked improvement as 
soon as adequate external drainage was 
provided. Postoperative empyema did not 
occur in any case in which one-stage drain- 
age was used. A dissecting infection of the 
chest wall did not develop in any case. 
Cerebral air embolism was not encountered. 

Five patients (Cases ii, 12, 16, 19 and 
21) had two or more separate and distinct 
abscesses requiring separate operations. 
In four instances, (Cases 1 1, 12, 16 and 21) 
the lesions were in diflerent lobes. The one 
fatal case had multiple abscesses in all five 
lobes. 

The time from onset of symptoms to 
drainage varied from one to sixty weeks. 
In ten cases, the duration of symptoms was 
six weeks or less. The one fatal case (Case 
21) was of five weeks’ duration. It is quite 
likely he would have survived had drainage 
been provided before a massive spread 

^ The first twenty cases in this scries were included 
m a previous report." 


took place. This patient illustrates the 
fallacj" of waiting any specified time before 
instituting surgical treatment. One-fourth 
of the abscesses (six patients) followed 
tonsillectomy. This is a high percentage, 
but was assigned as the cause only when 
the evidence was irrefutable. Excluding 
the fatal case, one patient who was trans- 
ferred to a psychopathic hospital, and two 
who are still under observation, the aver- 
age period of hospitalization following 
drainage was fortj-five days. This is in 
marked contrast to the duration of hos- 
pitalization on a medical or a combined 
medical and surgical regime. Brunn® re- 
ported the average duration of hospitaliza- 
tion in his collected series of patients under 
combined medical and surgical manage- 
ment as 1 54 days. 

Of the abscesses facing the thoracic cage, 
adhesions were found in all instances when 
localization was correct. Note in Table i 
that the two-stage operation was sup- 
planted by the single procedure in the 
more recent cases as greater attention was 
paid to accurate roentgenological localiza- 
tion. Likewise, the number of cauteriza- 
tions was reduced and has approached the 
desired level of one per patient. 

Four detailed case histories illustrating 
different types of abscesses encountered, 
including the one fatal case, are presented 
below. 

CASE REPORTS 

Case 21. Mr. J. D., Jr., a fort}" year old 
male, married, insurance salesman, was ad- 
mitted to the New England Deaconess Hospital 
on September 26, 1940, with a chief complaint 
of cough, expectoration, dyspnea, palpitation 
and a loss of twenty-two pounds in weight. 

Six weeks before admission the patient had 
been operated upon for chronic appendicitis 
under ether anesthesia. The postoperative con- 
valescence was uneventful. However, the 
patient failed to regain strength. He was dis- 
charged on the twelfth postoperative day. Two 
days later he began to cough and raise large 
amounts of greenish, foul-smelling sputum, and 
noticed a dull ache in the left side of the chest. 
Blood in the sputum was seen on three occa- 
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sions. He consulted his physician who had a His past history revealed no pertinent in- 
chest v-ray taken. (Fig. 6a.) The .\-ray inter- formation. The only previous illness was a 
pretation was tuberculosis. Approximately one gonorrhea! infection at twenty years of age. 


1 m 

■» ' ^ 

» - % 

j 

ir..,...,.. 


Fig. 6 Case 21. Postero-anterior \-rays of the chest showing rapid progress of an initially favorable 
lesion. A, August 29, 1940; b, September 6, 1940; c, September 25, 1940, d, September 27, 1940. 
Note the presence of an old tuberculous process in both apices. Due to this finding, a diagnosis 
of tuberculosis was made and valuable time was lost. 


w’cek later the patient entered a tuberculosis 
sanatorium. Arrays taken on admission there 
showed an extension of the lesion. (Fig. 6b.) 
Repeated sputum examinations for tubercle 
bacilli w ere negative. Bronchoscopic aspiration 
was carried out twice with slight temporary 
improvement. The course in the sanatorium 
was progressive!}- dowmhill, the patient having 
a high sustained temperature, profuse prostra- 
tion, copious expectoration and persistent pain 
in the chest. ^Vhen seen in consultation, imme- 
diate surgical drainage was advised. This adHce 
was not accepted until two weeks later. 


There had been no know n contact w ith tuber- 
culosis. The patient had been married ten years. 
There w ere three children h% ing and w ell. 

Physical examination re\'ealed a markedly 
d3'spneic, emaciated, moderately cyanotic man, 
Sitting up in bed in obvious respirator}- distress. 
Significant abnormal findings were limited to 
the chest. There was dullness and diminished 
breath sounds over the lower t%\o-thirds of the 
left chest posteriorly. Rales were heard over the 
entire left chest and a moderate number 
throughout the right chest. The heart w-as 
within normal limits and the sounds were of 
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good quality. The blood pressure was 88/50 
mm. of mercury. 

A urinalysis was essentially negative except 
for a very slight trace of albumin. The white 
blood count was 37,300, red blood count 
4,180,000 per c.mm. The hemoglobin was 81 per 
cent. Differential: polymorphonuclears 77 per 
cent, lymphocytes 1 1 per cent, large mono- 
nuclears 8 per cent, eosinophiles 3 per cent, 
basophiles i per cent. There was moderate 
anisocj-tosis. 

Roentgenographic examination (Fig. 6d) 
showed an extensive bilateral involvement with 
a large multilocular cavity of the left upper 
lobe. The lower two-thirds of the left chest was 
obliterated by a moderately dense homogeneous 
shadow. There was evidence of many smaller 
cavities throughout the upper two-thirds of the 
right lung. 

Intensive sulfanilamide therapy was started. 
Although it was thought that the outlook was 
practically hopeless drainage of the large ab- 
scess in the left upper lobe was decided upon. 
The preoperative temperature was io2°f. and 
the pulse rate was 160 per minute. A one-stage 
cautery drainage was carried out on Septem- 
ber 28, 1940. This was followed by two indirect 
blood transfusions. 

His course following operation did not change 
greatly. His temperature remained quite steady 
at around I02°f. by rectum, and the pulse 130 
to 140 beats per minute. Chemotherapy was 
maintained with a sulfanilamide blood level 
ranging from 8 to 10 mg. per cent. Fluids were 
administered parenterally to maintain an intake 
of 3,000 to 4,000 cc. per day. Blood trans- 
fusions of 500 cc. each were given on Septem- 
ber 29, October i, and October 4, 1940. In spite 
of the supportive therapy it was ob^■ious that 
the patient was slowly falling but there was no 
dramatic change in his course until the morning 
of the tenth postoperative day when he became 
comotose, temperature rose to io4°f. by 
rectum, and the patient expired. 

Postmortem examination revealed a healed 
bilateral apical tuberculous process. The lung 
abscess of the left upper lobe which had been 
drained was found to im’olve approximate^" 
one-half of the upper lobe. The remainder of the 
left lung was described as “ involved by a mas- 
sive destructive process.” One 10 cm. abscess 
and many smaller abscesses were found in the 
right lung. A ver\' small abscess was present 
around the appendiceal stump. 


How well this case illustrates the rapid 
progress such a process may make! The 
issue was confused in this particular in- 
stance because of the presence of an old 
tuberculous process at the apices. The 
development of the lung abscess in the 
upper lobe made it seem all the more 
likel}' that it was tuberculous. This as- 
sumption accounted for part of the loss of 
time in the application of proper therap3^ 
Onlj- within the first ten da^^s after onset 
of s\unptoms could this patient be classed 
as at all hopeful. Bj'- the time of admission 
to the sanatorium, the prognosis was verj' 
grave, again illustrative of the fallacy' of 
temporizing with a lesion so potential!}' 
dangerous. In the light of other cases it 
seems quite probable that had the original 
abscess been drained when it was first 
detected, the fatal issue would have been 
averted. 

Case 9. IMr. T. C., a fort3'-three j-ear old, 
married, Italian clerk was admitted to the New 
England Deaconess Hospital on August 24, 
1939, with a chief complaint of cough, expecto- 
ration, and pain in the right chest of four weeks’ 
duration. 

On August 16, 1939, the patient developed 
sj-mptoms of acute appendicitis. At operation 
the following morning a ruptured appendix was 
found. This was removed and a drain inserted. 
A right inguinal hernia was repaired at the 
same time. The patient had a stormj' time post- 
operativeh’ and ten da^^s after operation began 
to complain of pain in the left chest. A cough 
developed and the temperature became more 
elevated. It was thought at first that he had a 
pulmonary- embolus. Soon the patient began to 
raise large amounts of foul-smelling material. 
A fecal fistula developed at the site of the 
appendectomj". Sulfapj'ridine was given with- 
out benefit. Roentgenological examination of 
the chest revealed a large lung abscess in the 
left lower lobe. Thoracic surgical consultation 
was requested and the patient was transferred 
the following daN" to the New England Dea- 
coness Hospital. 

Pln'sical examination revealed a ver^" ill man 
sitting upright in bed, breathing with effort, 
coughing frequentlj" and raising foul sputum. 
Manj- rales could be heard throughout the 
posterior aspect of the left chest. Amphoric 



94 American Journa! of Sorgery BcttS PuImOnarj’’ AbsCCSS 


OciOEEll, >941 


breath sounds were audible over the seventh The patient was followed at week!}" inten^als. 
and eighth ribs posteriorly. A profusely drain- For some time it was thought that it would be 
ing sinus was found in the right lower quadrant necessary to do a plastic operation in order to 



Fig. 7. Case 9. Postero-anterior x-rays of cKest. a, August 24, 1939. Note large multiiocular abscess 
with surrounding pneumonitis in left lower lobe, b, August 23, 1940. Lesion has now cleared 
completely, following surgical drainage, except for slight pulmonary fibrosis. 


of the abdomen. A right inguinal herniorrhaphjr 
scar was well healed. The remainder of the 
examination was not significant. 

Urine examination was normal except for 14 
to 18 white blood cells per high power field. The 
white blood count was 21,700; red blood count, 
3,580,000 per c.mm. The hemoglobin was 50 per 
cent. Differential; polj'morphonuclears 92 per 
cent, lymphocytes 3 per cent, eosinophiles i 
per cent, young polys 4 per cent. Moderate 
achromia of the red blood cells was noted. 

A-ray e.xamination of the chest (Fig. ya) 
revealed a large multiiocular abscess in the left 
lower lobe with surrounding pneumonitis. 

The patient’s condition was desperate, tem- 
perature pulse rate 146 per minute. A 

blood transfusion of 500 cc. was given as soon as 
possible after admission, and later that daj' a 
one-stage cautery drainage of the lung abscess 
of the left lower lobe was carried out. 

The patient’s improvement follov ing opera- 
tion was dramatic. The temperature returned 
to normal by the end of the first week. The 
pulse rate gradually dropped to an average of 
100 within the same time. The fecal fistula 
closed spontaneous!;'. The patient was able to 
be out of bed thirty days after operation and 
was discharged seven days later. The large 
defect of the left lower lobe gradually filled in 
and shortly before discharge a drainage tube 
w as inserted to keep the skin from closing over. 


close the bronchial fistula. However, the fistula 
healed spontaneously and the tube was re- 
moved on January 2 , 1940, three and one-half 
months after discharge from the hospital. Since 
that time he has been entirely without S3'mp- 
toms no%Y one and one-half 3'^ears. He has 
returned to full time work and is in excellent 
health. (Fig. jb.) 

The postoperative response of this pa- 
tient presents a dramatic illustration of the 
marked improvement that ma3'’ be experi- 
enced b}!^ an acutel^f ill, toxic patient as 
soon as the abscess is decompressed and 
the patient is freed of persistent coughing 
and raising. Although this particular case 
;vas complicated due to an extensive 
pulmonarj)' process with surrounding pneu- 
monitis, a fecal fistula, and marked debili- 
tation the long septic process, the 
period of hospitalization following opera- 
tion was not e.xcessive and an excellent 
result was obtained. Judging from the 
patient’s preoperative course, further tem- 
porizing would have been fatal. 

Case 22. Mr. L. C., a thirty-nine year old, 
married, American, carpenter was admitted to 
the New England Deaconess Hospital Decem- 
ber 3, 1940, with a chief complaint of cough and 
expectoration of six weeks’ duration. 
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The patient stated that in March, 1939, he ously, a film on November 7, 1940, (Fig. 8a) 
-was in another hospital for eight days because was said to have been the first one to show an}"- 
of cough and the raising of profuse, foul-smell- abnormality. The cough was quite distressing 



Fig. 8. Case 22. a, postcro-anterior .v-ray of chest. November 7, 1940, sliowing some 
infiltration of mediastinal segment of left upper lobe. The onlj' complaint at that 
time was severe chest pain, b and c, postero-anterior and left lateral \-rays of chest 
approximately one month later, December 4, 1940. Patient now has a large lung 
abscess with marked cough and profuse expectoration, d, February 10, 1941. Lesion 
has now cleared completely following surgical drainage. Note lipiodal still in inter- 
costal tissue above resected rib. 


ing sputum. A diagnosis of lung abscess was 
said to have been made at that time on .v-ray 
and clinical evidence. Upon discharge from the 
hospital he remained home for four months on a 
modified rest program. He then returned to 
work. 

He felt well until the latter part of October, 
1940, when he suddenly felt severe pain in the 
left side of the chest. After a two weeks’ period 
at home he was transferred to the Essex County 
Tuberculosis Sanatorium for observation. Al- 
though numerous .v-rays had been taken previ- 


and he raised from two to three ounces of foul 
sputum per day. Surgical drainage was advised. 

His past history was negative except 
for the episode recorded in the present ill- 
ness. The familj'- and marital histories were 
noncontributory. 

Physical examination revealed the patient to 
be a well developed and well nourished man in 
no particular distress. There was moderate oral 
sepsis. The chest was symmetrical and expan- 
sion was full and equal. There was dullness to 
percussion over the upper part of the left 


October, 1941 


American Journal of Surgery BcttS' PuImOllRry AIjSCCSS 


posterior chest. Harsh breath sounds were 
noted together with moist rales in this same 
area. The remainder of the chest showed noth- 
ing abnormal. The abdomen showed a well 
healed lower quadrant scar. Extremities were 
negative. 

Laborator}'^ examination revealed nothing 
abnormal in the urine. The white blood count 
was 28,200; red blood count, 4,650,000 per 
c. mm. and the hemoglobin was 87 per cent. 
Differential; polymorphonuclears 87 per cent, 
iymphoc37;es 5 per cent, large mononuclears 4 
per cent, eosinophiles 4 per cent, basophiles 
I per cent. 

Roentgenological examination of the chest 
(Fig. 8 b and c) revealed an abscess in the lower 
part of the left upper lobe. A one-stage cauter3>^ 
drainage of the lung abscess was carried out 
December 4, 1940. 

Postoperative convalescence was entirely 
uneventful, the temperature never going above 
ioo°F. The pack was first changed four daj^s 
after operation and everj’- other day thereafter 
until the seventeenth postoperative da}' when a 
small rubber tube was inserted in place of the 
pack. The patient was allowed out of bed 
fifteen days after operation and was discharged 
on the twentieth postoperative day. Following 
discharge from the hospital, he was followed at 
weekly inteix’als and on February i, 1941, the 
fistula was found to be closed and the tube was 
therefore removed. The chest wall healed 
promptly. When last seen on March 24, 1941, 
the patient had no complaints and an .v-ray 
(Fig. 8d) showed complete clearing of the pul- 
monary process. He was given permission to 
resume normal activities. 

One can speculate a great deal as to the 
length of time the lesion had been present. 
It is entirely possible that the recent 
abscess was the same lesion that was 
present in March, 1939. The re-activation 
of an abscess after apparent spontaneous 
healing has been a rather frequent occur- 
rence. The rapid recovery made in this 
case again demonstrates that a smooth 
convalescence can be e.xpected following 
drainage of an uncomplicated single ab- 
scess. Recurrence is rare following e.xtemal 
drainage. 

Case 23. Miss V. G., a thirty year old, 
single woman, was admitted to the New 


England Deaconess Hospital on January 30, 
1941, with a chief complaint of cough and 
temperature of two weeks’ duration. Two weeb 
previously the patient had suddenly developed 
a high temperature, cough, and pain in the 
right chest. She was admitted to the Joseph H. 
Pratt Diagnostic Hospital where a diagnosis of 
right upper lobar pneumonia was made. A 
chest -V-ray revealed a shadow in the right upper 
lobe consistent with lobar pneumonia. Inten- 
sive chemotherapy was given. Her temperature 
continued to range from 100 to I02°F., pulse 
rate 100 to 120. After thoracic surgical consulta- 
tion, surgical drainage was advised and the 
patient was transferred to the New England 
Deaconess Hospital. 

The patient had been a quite se\'ere asth- 
matic since August, 1938. She was known to be 
sensitive to dust, lettuce and spinach. On 
intensive allergic therapy, however, she had 
been able to control her symptoms quite well. 
Two years previously a splenectomy had been 
performed for a ruptured spleen following an 
automobile accident. One year previously an 
ectopic tubal pregnancy was removed. 

Physical examination revealed a thirt}' year 
old white woman sitting upright in bed in obvi- 
ous respiratory distress. Respirator}' wheezing 
was marked. E.xamination of the head and neck 
showed no abnormality except for very poor 
teeth. Percussion of the chest revealed dullness 
and diminished breath sounds over the upper 
part of the right chest posteriorly and in the 
right axilla. No rales were audible. Tactile and 
vocal fremitus were slightly increased. Wheez- 
ing and prolonged e.xpiratory sonorous rales 
were heard throughout both chests. The heart 
appeared to be of normal size and without 
murmurs. The blood pressure was 120/70 mm- 
of mercury. Abdominal examination was nega- 
tive except for left upper quadrant and lo" 
midhne well healed scars. The remainder of the 
physical examination showed no abnormality. 
The temperature was io 2° f .; pulse 140; respira- 
tions 30. 

A urinalysis showed no marked abnormalit} 
except a slight trace of albumin and an occa- 
sional fine granular cast. The white blood count 
was 19,400; red blood count 4,600,000; hemo- 
globin 70 per cent. The differential count 
showed 63 per cent polymorphonuclears, 15 P^’’ 
cent bands, 7 per cent lymphocytes, 10 per cent 
monocjtes, and 5 per cent eosinophiles. Sero- 
logical examinations were negative. One blood 
culture was sterile. 
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Roentgenographlc examination of the chest occasions since tliat time. The wound is com- 
(Fig. g.\ and b) revealed evidence of consolida- pletely healed, and the last .v-ray (Fig. 9c) 
tion of the posterior portion of the right upper shows complete clearing of the lesion. 



Fig. 9. Case 23. ^ and b, postero-antcrior and right lateral \-rays on January 29, 194I1 showing involve- 
ment of lower part of right upper lobe. No evidence of cavitation, c, posterior-anterior .\-ray April i8, 
1941. Note complete clearing of process following surgical drainage. 


lobe. The shadow was limited below by the 
interlobar fissure, but the upper borderline was 
indistinct. No definite cavity was visible. Al- 
though definite evidence of a lung abscess by 
.\-ray was not present and the patient had prac- 
tically no sputum, a diagnosis of lung abscess or 
interlobar empyema was made and operation 
advised. 

On January 30, 1941, (the day of admission 
to the Deaconess Hospital), under local anes- 
thesia, the posterior aspect of the right upper 
lobe was explored after resecting a portion of 
the fifth rib posteriorly. A multilocular abscess 
was entered, the cavities being filled with very 
thick, cheesy, yellowish pus. These abscesses 
were broken down and the space packed with 
gauze after application of sulfathiazole powder. 
Bacteriological examination of the material 
from the abscess revealed sterile cultures both 
aerobically and anaerobically, although Gram- 
positive cocci were found in clumps upon direct 
smear. 

The patient’s postoperative convalescence 
was satisfactory. Although the temperature 
rose to I03.5°F. the day of operation, it returned 
to normal quite rapidly and her general condi- 
tion improved markedly. The patient was 
discharged from the hospital twenty-five days 
following drainage of the abscess. 

She was followed at weekly intervals. A small 
tube which had been in place in the sinus tract 
before she left the hospital was withdrawn as 
the sinus tract closed in. The tube was removed 
on May 16, 1941. She has been seen on two 


In this case a persistent area of infiltra- 
tion by -v-rat’ and continued signs of sepsis 
following an attack of pneumonia sug- 
gested pulmonarj' suppuration. Destruc- 
tion of pulmonary parenchyma did not 
seem to be as extensive as that usually 
caused by anaerobic organisms. No area 
of excavation was present roentgenographi- 
cally but at operation many small con- 
necting pockets were found. It is better to 
expose such lesions surgically than to wait 
a prolonged period of time for definite 
evidence of cavitation by .v-ray. 

SUMMARY AND CONCLUSIONS 

Early drainage of lung abscess has 
yielded a low mortality rate and a high 
cure rate in our experience. A series of 
twenty-five consecutive cases of pulmo- 
nary abscess treated by surgical drainage 
has been presented. There was one opera- 
tive death. 

Inhalation of material from the upper 
respiratory passages appeared to be the 
causative factor in the vast majority of 
cases. Symptoms had been present from 
one week to one year and two months 
before operation. Five patients had multi- 
ple abscesses, four of which were in more 
than one lobe. 

In all cases surgical drainage was pro- 
vided as soon after admission to our service 
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as diagnostic and localizing studies could 
be completed. Critically ill patients were 
treated as surgical emergencies. 

Early surgical drainage protects the 
patient from the danger of bronchiogenic 
spread, multiple abscess formation and 
extensive irreparable pulmonary damage. 

Pulmonary abscess should be considered 
a surgical disease from its onset. Every 
effort should be made to establish the 
diagnosis, localize the lesion, and provide 
external drainage without dela3^ 
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RECOGNITION AND MANAGEMENT OF MEDIASTINITIS* 


W. Emory Burnett, m.d. 

PHILADELPHIA, PENNSYLVANIA 


A LTHOUGH chronic mediastinitis is a 
rare disease, acute mediastinitis is 
not nearly so infrequent as the pro- 
fession once believed. Numerous reports in 
the past fe\v years indicate the fairly com- 
mon occurrence of acute infections of the 
cervical and thoracic mediastinum. When 
one considers the ease of access to the 
fascial planes for spontaneous infections of 
the mouth, nose and throat, cervical 
lymph-nodes, neoplasms of the pharynx 
and esophagus, and foreign bodies, it is 
fortunate that nature is so kind in building 
inflammatory barriers to prevent the down- 
ward extension of many of these infections. 

An accurate concept of the practical 
anatomy of these fascial planes of the neck 
and thorax, as so vividly described bj- 
Furstenberg and Yglesias, demonstrates 
the continuity of the retrovisceral space as 
a compartment (Figs, i and 2) bounded 
behind by the prevertebral layer of cervical 
fascia, in front by the pharynx and esopha- 
gus and the lateral extension of the retro- 
esophageal fascia, which is a derivative of 
the pretracheal layer, and laterally by the 
carotid sheaths. It extends from the base of 
the skull to the diaphragm. This makes 
easy migration of infection from the retro- 
pharyngeal or retroesophageal locations 
into the posterior thoracic mediastinum, 
and it is remarkable that inflammatory 
barriers so frequently localize the infection 
to the cervical portion. Surrounding the 
viscera of the neck consisting of the 
pharynx and esophagus behind and trachea 
and thyroid in front, is a cylindrical sheath. 
This consists of the pretracheal layer which 
extends laterally to join the prevertebral 
layer at the carotid sheath and is continued 
posteriorly as the retropharjmgeal or bucco- 
pharyngeal fascia above and the retro- 
esophageal fascia below, constituting the 
vasculovisceral fascia. This blends with 


the aorta as the arch crosses the trachea 
and encloses the descending limb. It con- 
tinues downward to fuse with the pericar- 
dium at about the level of the bifurcation 
of the trachea at the sixth thoracic verte- 
bra. Thus the other practical mediastinal 
space, the anterior or visceral space, 
extends from pharynx and larynx above to 
the bifurcation of the trachea below. The 
potential space immediately behind the 
sternum, included in anatomy textbooks 
as a part of the anterior mediastinum, is 
protected from the spread of cervical infec- 
tions by the junction of the superficial layer 
of cervical fascia and its muscular invest- 
ments, with the posterior surface of the 
manubrium sterni so that infections reach 
this space only when they originate from 
injury or infection of the anterior chest wall 
at the level of the first and second costal 
cartilages. 

In the vasculovisceral fascial compart- 
ment lie man}’^ lymph-nodes and vessels, 
and it is into this space that nose, throat 
and ear infections frequently travel. On 
the other hand, perforations of the poste- 
rior pharyngeal or esophageal walls by 
foreign bodies usually involve the retro- 
visceral space and are more prone to extend 
deep into the thorax. One or both of these 
spaces may be implicated and the intimate 
relationship to the pleurae and pericardium 
leads to infection of these at times. Practi- 
cally, then, there are two main spaces, the 
retrovisceral and the vasculovisceral, which 
may be infected and are continuous from 
neck to thorax with onl}- theoretical, but no 
actual division between the cervical and 
thoracic portions. The concept that the 
mediastinum extends from the base of 
the skull to the diaphragm is a good one for 
practical purposes. 

The extent to which infection of these 
spaces may spread is influenced by the 
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amount of contamination, the virulence 
and the frequent multiplicity of organisms 
on the one hand, and the patient’s resist- 


mitted to all services of Temple University 
Hospital over a period of the past five 
years, the source of infection is indicated in 
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Fig. I. Diagram of coronal section at the level of 
the si\th cervical vertebra. 



Fig. 2 . Diagram of midsagittal section. 


ance on the other. Thus a bad combination 
of perforation by^ foreign body through a 
small opening which does not allow spon- 
taneous drainage, in a patient who has 
streptococci and spirochetes from oral 
sepsis and is suffering from more or less 
nutritional deficiency, may frequently lead 
to a rapidly spreading, diffuse, and necrot- 
izing plegmon with such extreme absorp- 
tion and toxemia as to result in death in 
one or two days. For such a patient, the 
prospects are poor, even with early drain- 
age. Conversely, in patients with good 
resistance who have sustained perforations 
of the pharynx or esophagus with the 
demonstration of gas in the tissues, but in 
whom virulent bacteria were not present in 
large numbers, spontaneous and fairly 
rapid recovery’^ has occurred on a few occa- 
sions. Between these two lie the great 
majority’- of cases resulting from either 
infections about the mouth, ears, or throat, 
or trauma to the pharymx and esophagus in 
which all combinations of the above two 
extremes occur. In many of these the infec- 
tion is localized by inflammatory barriers 
and retained in the cervical region as a 
retropharyngeal abscess for a longer or 
shorter time. Even these, if neglected, tend 
to spread downward in many^ instances. 

In a review of twenty-eight cases of 
cervical and thoracic infection of the 
mediastinum and ten cases classed as 
retrophary ngeal abscess who were ad- 


Table i. The most common causes were 
perforation by foreign body and neoplasm 
and infections of the mouth and throat. 
Three of these latter follow'ed e.vtraction of 
teeth. One case occurred after otitis media 
and six cases after diagnostic instrumenta- 
tion in the presence of ulcerative lesions, 
some of whom had symptoms suggestive of 
infection before examination. Two ^ses 
followed laryngectomy', and one thyToidec- 
tomy' for extensive malignant disease. One 
patient sustained spontaneous perforation 
of the esophagus. Of the abscesses classed 
as retropharymgeal, eight followed upper 
respiratory' infection, in most of which sore 
throat was stated, and two were secondary 
to otitis media. 

T\ble I 

ORIGIN OF mediastinitis 

No. 

Foreign body ^ 

Carcinoma esophagus 

Perforation esophagus ^ 

Infections 

Otitis media ’ 

Upper respirator^' ^ 

Ludvig’s angina after tooth extraction 3 

Folloving endoscopy ^ 

Follow ing operation ^ 

Laryngectomy 

Thj'roidectomy * ^ 

Following passage of feeding tube -- 

20 

The symptoms of the twenty-eight 
cases (excluding retropharyngeal abscess)- 
Eleven showed dysphagia, eight dyspnea— 
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two of whom required tracheotomy — six 
had pain in the throat and seven pain in the 
chest, neck or back. In four there was 
vomiting, in three hemoptysis, and in two 
there was hoarseness. All but two had fever 
and in twenty it was moderate to high and 
frequently septic in character. Chills oc- 
curred in only three cases. Cyanosis was 
present in seven, swelling of the neck in 
thirteen and cervical tenderness in twelve. 
Abnormal chest signs were present in four 
cases. 

The most constant evidence was demon- 
strated by .v-ray. Due to obvious diagnosis 
or failure to consider the possibility, no 
-Y-ray was taken in four cases, but in the 
remainder all showed widening of the 
mediastinum or of the retrotracheal soft 
tissues depending upon location, and in 
fourteen there was gas present in the 
tissues. 

Of the so-called “retropharyngeal 
group, the symptoms consisted rather con- 
stantly of sore throat and difficulty in 
swallowing. A few references were made to 
labored or noisy breathing and to swelling 
of the neck. In the occasional case in which 
roentgen examination was done, thickening 
of the space between the vertebra and 
pharynx was revealed. 

A review of the multiple cases in the 
literature shows that the etiology, symp- 
toms and signs ascribed to the patients 
reported correspond to these we have out- 
lined as to frequency of occurrence. 
The rare circumstance of mediastinitis 
secondary to osteomyelitis of the thoracic 
vertebra, suppurative lymphadenitis of 
peribronchial or peitracheal lymph-nodes 
from perforation or operation of neoplasms 
of the thoracic esophagus, and follow- 
mg pulmonary suppuration, empyema, or 
thoracic operations, is reported. Such 
origins usually result in abscesses localized 
to the thoracic portion of the medias- 
tinum and may not be accessible from 
the cervical approach but require posterior 
mediastinotomy. 

Acute mediastinitis is susceptible to 
accurate diagnosis if one will only consider 


the possibility of its occurrence with infec- 
tion or trauma of the mouth, nose, throat, 
ears or esophagus. Any patient may be 
considered a candidate for such diagnosis if 
anj' one or combination of the following is 
present: difficult}- in breathing or swallow- 
ing, pain in the throat, tenderness or 
swellins: in the neck. The onlv acute condi- 

o ^ 

tions which are likely to confuse one 
clinically are acute lymphadenitis, possibly 
tuberculous adenitis and the rare condi- 
tions causing increased superior vena caval 
pressure. The finding of emphysema in the 
cervical or thoracic mediastinum b}”^ clinical 
or .Y-ray means and the thickening of the 
visceral and retrovisceral spaces or widen- 
ing of the mediastinum by x-ray associated 
with fever and leukocytosis, clinch the 
diagnosis. The main factors are the con- 
sideration of the condition in potential 
cases and the examination by x-ray of these 
soft tissues. 

Results. In our group of ten cases in 
which drainage was not established surgi- 
callv, four recovered and six died. Of the 
eighteen cases in which drainage was 
established surgically, twelve recovered 
and six died. These last six deaths were in 
patients with thoracic mediastinal involve- 
ment. The causes of death ascribed are 
tabulated. (Table ii.) Thus the mortalit}' 
was 333^3 per cent of patients in whom 
surgical drainage was established and 6o 
per cent for those in whom it was not. 
(Table iii.) Delay before admission, before 
recognition, and before surgery contributed 
significantly to the mortality of both 
groups since there was no intention to deny 
surgery to those patients. In only three of 
the twelve fatal cases did it appear that the 
virulence and extent were too great for 
surgical salvage, although it is questionable 
in two others even if early recognition and 
drainage had been accomplished. Although 
a few cases recover without operation, it is 
difficult if not impossible to select these in 
the earl}- stages and it seems extremely 
dangerous to delay surgical drainage be- 
cause of the occasional nonsurgical re- 
covery. Delay not only increases the 
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parenchymatous damage from prolonged 
toxemia, but frequently leads to spread of 
an otherwise circumscribed infection. Par- 
ticularly with the perforations of the 
pharynx and esophagus, constant rccon- 
tamination occurs unless an adequate 
external vent is produced. The ten cases 
classed as retropharyngeal abscess were 


drained early through the posterior pharyn- 
geal wall M'ith rapid recovery. 

TABi.r. It 

CM SIS or Ot.ATII 

! 

Days j 
from i 


Cnsc 

Onset I 
to I 
Dr.ain- j 
npc j 

W’itli Surgical Drainage 

' 1 

1 

) 

1 

f 

i 

0 

Carotid hemorrhage twelve days post- 
operative— ligation of carotid— hemi- 
piegia — died in twcntv-foiir liours 

2 ' 

12 

Dclaj — moribund at operation — 

edema — thin cloudv fluid 

3 j 

43 

Died suddenly two days postopcr.a- 
tivclv — vascular accident 


i 

Inadequate drainage — temporary im- 
provement — readmitted and died 
seven weeks later with healed wound 
and continued mediastinitis 

’ 1 

1 

1 s 1 

Followed laryngectomy — evtensive 

sloughing of wound 

6 

' 1 
^ ; 

Followed thyroidectomy for advanced 
malignancy — c\tcnsive sloughing of 
wound and mctastascs 


Witliout Surgical Drainage 

1 

17 hrs. 

1 

1 Too ill for multiple surgery — peri- 
j cardi.al and bilateral pleural infection 

2 

4 

Error in diagnosis — empyema only was 
drained 

3 

10 

Moribund — error in diagnosis — only 
superficial extensions to neck and 
shoulder were drained 

4- 

4 

Unrecognized until postmortem ex- 
amination; pericardial and bihateral 
pleural infection 

5 

8 

Delay — moribund on admission — died 
during diagnosis in eighteen hours 

6 

30 

Error in diagnosis 


MANAGEMENT 

When the diagnosis is established, cervi- 
cal mediastinotomy should be instituted as 


an emergency procedure in every case with 
the exception of those rare infections which 
begin and remain below the fourth rib 
posteriorly, ^^'’ith such rare exceptions, 
posterior mediastinotomy should be done 
by resecting portions of two or three ribs 
and transverse processes at the appropriate 
level and retracting the pleura laterally and 
anteriorly until the mediastinal collection 
is entered. Soft rubber tubes, rubber dam 
or gauze arc inserted to maintain the open- 
ing, and irrigations with oxidizing solutions 
arc utilized until the drains can be gradu- 
ally shortened and withdrawn. No poste- 
rior mcdiastinotomicswcrccmployed in this 
group, although indicated in Case xxni. 


Table hi 

10" CASES rnoM Tifc LtrcusrcKn 

Operated | Noropcrati'C 


D,ed Died 

errd ‘ I cred | 


!V.tr'*r 4.t - 24 t ‘ 

coljfclrd j j ‘ 

1 1 pcrvon.i! { ) 1 

Phillips * 3 ! 1 

Nruhof 25 “ i ^ j * ^ 

Sf> ' 34 (30 5 prr I '5 ’ 

. eent) 


Cervical mediastinotomy should be in- 
stituted on the side of the neck which is 
indicated by clinical or radiological local- 
ization, or upon the right side if the infec- 
tion is bilateral or only posterior. There is 
less likelihood of entering the pleura on this 
side than on the left. An oblique or trans- 
verse incision is made along the anterior 
border of the sternomastoid muscle through 
the superficial layer of the deep ceivicm 
fascia. The sternomastoid and carotid 
sheath are retracted laterally and the 
thyroid retracted medially which usuall} 
entails division between ligatures of the 
lateral vein and at times the inferior 
thyroid artery. If the abscess is anterior, it 
will be found more medial under the 
pretracheal fascia and if posterior, direetp 
backward through the dense union of the 
pretracheal and retroesophageal fascia 
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planes with the carotid sheath. If palpation 
reveals a large space extending to the 
opposite side, some surgeons advocate 
repeating this procedure on the opposite 
side, although usuall}”^ a unilateral ap- 
proach allows adequate drainage. 

If foreign body or instrumental lacera- 
tion is suspected, search should be made for 
it. Foreign bodies can frequentlj* be re- 
moved by esophagotoni}^ alone or com- 
bined with esophagoscopy. Lacerations or 
surgical wounds have a marked tendency to 
reopen after suture unless fine steel wire is 
used. If adequate drainage is established, 
such openings heal spontaneously. With 
the finger, one must explore cephalically 
and caudally to determine the extent of the 
abscess and place two small rubber tubes at 
the extremities in each direction. Two tubes 
give better drainage than one, both through 
the lumens and between the pair, and allow 
for irrigation of deep spaces without pro- 
duction of dangerous positive pressure. 
Constant irrigation by drip with oxidizing 
solution such as Dakin’s or azochloramid, 
offer the best chance for rapid dilution and 
mechanical removal of infectious products. 
One should avoid too great or too pro- 
longed pressure on the carotid or jugular 
vein because of the danger of serious 
hemorrhage. 

When the abscess involves the thoracic 
portion of mediastinum, postural drainage 
by modified Trendelenburg position is 
important to assist drainage bv gravit3^ 

To overcome dj’sphagia and promote 
rest of this area, and particularly'^ if the 
esophagus is the source of contamination, a 
feeding tube should be inserted into the 
stomach at the time of operation so that it 
can be guided beyond the laceration by'- the 
operator. Of particular value here is the 
double barrel tube such as the Abbott- 
Rawson through one channel of which feed- 
ing can be carried on while the esophageal 
secretions are constantly' aspirated through 
the other to lessen recontamination by' the 
swallowed saliva. Of course, nothing is 
given by mouth for the same reason. Nutri- 
tion, fluid and chemical balance must be 


maintained by' feeding tube or intravenous 
administration. 

Additional therapy' such as the sulfon- 
amide drugs in adequate dosage, neo- 
arsphenamine if mouth organisms enter the 
picture, and frequent small blood or plasma 
transfusions to activate complement and 
combat anemia and nutritional disturb- 
ances help to limit further spread and to 
hasten cure. 

Progress is gauged by' clinical means, but 
must include check-up blood count and 
.v-ray' examinations to avoid too early' 
removal of drainage with the possibility' of 
resultant reaccumulation. Unfortunately', 
one of our patients died from failure to 
follow this schedule and to determine the 
extension of the abscess into the thoracic 
mediastinum. With adequate drainage and 
supportive measures, patients should re- 
cover in from two to four weeks. The pain, 
dy'spnea and dy'sphagia disappear in a few 
days, and the temperature usually' falls to 
normal in from five to ten day's. Profuse 
drainage after two weeks or prolongation of 
more than four weeks usually' means 
stenosis of the drainage tract with inade- 
quate vent. 

CASE REPORTS 

Case i. H. C., aged fifty'-nine, was admitted 
January 31, 1940. He complained of pain in the 
renal area radiating to pubes and hematemesis 
five days before. He felt better on an ulcer diet 
until the evening of the next day when bloody' 
vomitus recurred with hoarseness and anterior 
swelling of the neck. On phy'sical examination 
there was cy'anosis, stridor, ulceration of right 
pyriform sinus and swelling of the neck and 
supraclavicular regions. Breatliing was difficult 
but there was no increased mediatinal dullness. 
The day after admission a tracheotomy' was 
performed and adequate drainage obtained by' 
cervical medlastinotomy'. Wray' examinations 
postoperatlvely' showed esophageal perforation 
and retropharymgeal abscess with extension to 
the mediastinum. Temperature receded from 
i02.2°F. immediately postoperative to 98 °f. in 
eleven days, and he was discharged on March 2 
without sy'mptoms. (Fig. 3A and b.) 

Case ii. G. M., aged nineteen, was ad- 
mitted May 20, 1936, with the history' that 
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esophagus was observed on several occasions 
and when sufficient recession of inflammation 
had occurred an attempt was made to remove 
the foreign body, but it was found too badly 
imbedded for safe endoscopic inspection. After 
another such attempt, external removal by 
cervical mediastinotomy was done on June 29, 
six weeks after admission. Operation revealed 
no pus but there was gray purulent drainage for 
ten days and the temperature reached normal 
in twelve days. He was discharged July 15. 
cured. 

Case hi. M. K., aged sixty-nine, was ad- 
mitted June 21, 1936, for dysphagia of nine 
weeks’ duration due to carcinoma of the esopha- 
gus. Physical examination was entirely negative 
except for a suggestion of mass in the epigas- 
trium. On this day he had a chill which was 
ascribed to intravenous glucose and the follow- 
ing day biopsy was obtained through the 
csophagoscope. On July 24, he suffered another 
chill and fever to I04°f. which subsided for a 
few days to below ioo°f. There was dullness 
posteriorly in the intrascapular region. Four 
days later the temperature had continued with 
additional chill and a tender swelling occurred 
at the base of the neck with increased width of 
mediastinal dullness. This increased and on 
August 3, superficial drainage of a necrotizing 
infection of the sternomastoid. scalenus, and 
trapezius muscles was instituted, but the 
mediastinum was not entered. He died the 
following day, August 4, and postmortem 
examination revealed a spontaneous perforation 
through the esophageal carcinoma with pus in 
the visceral and retrovisceral spaces. 

Case iv. J. C., aged sixty-four, was ad- 
mitted January 17, 1938. with hoarseness of 
two months’ duration due to carcinoma of the 
larynx. On January 20, laryngectomy was done 
and by January 31, the wound had broken 
down with considerable sloughing and exposure 
of infection in the pretracheal tissues. Multiple 
debridement and attempts at closure of the 
esophageal listula were done until April 14, 
when a portion of necrotic sternum was e.xcised 
and better drainage of the mediastinum was 
established, .\-ray examination on March 8 
revealed widening of the superior mediastinum, 
a horizontal streak of density above the left 
diaphragm, and elevation of both leaves of the 
diaphragm. He was discharged on June 9. with 
continued drainage, most of which was due to 
esophageal fistula. 


Case v. F. W'., aged fifty-nine, was ad- 
mitted August 17, 1939, for hoarseness of two 
and one-half years due to carcinoma of the 
larynx. On August 24, laryngectomy was done 
and three days later the temperature rose to 
i04°F. and remained elevated. Drainage was 
instituted and on September i the wound was 
opened widely for adequate drainage revealing 
involvement of the peritracheal tissues in the 
mediastinum. His temperature continued to 
rise and he died on September 4. No post- 
mortem examination was obtained. 

Case vi. L. B., aged seventy-two, was 
admitted January 17, 1937, with fairly exten- 
sive carcinoma of the thyroid (microscopicalh- 
giant cell). On January 19. tracheotomy and 
thyroidectomy were done. His temperature 
gradually rose until January 26 when he uas 
dyspneic. had auricular fibrillation, and a foul 
sloughing wound communicating with the 
anterior mediastinum. On January 28, .v-ray 
revealed multiple pulmonary metastases. He 
became progressively worse and died on Febru- 
ary 9. Postmortem examination revealed 
residual carcinoma in the neck, multiple pul- 
monary metastases, mediastinitis, right empy- 
ema and a terminal bronchopneumonia. 

Case vii. G. McD., aged six, was admitted 
January 14. 1939, with a history of sore throat 
and stifl'ness in the neck beginning five days 
before, and followed on the next day by swelling 
of the right side of the neck. Two days before 
her temperature had gone to I04°F., there was 
vomiting, and the following day dyspnea, cough 
and pain in the left lower chest. On examination 
she was cyanotic, dyspneic and there was a 
tender fullness in the neck anteriorly. The left 
chest revealed restricted movement, dullness 
and diminished breath sounds. Her tempera- 
ture was io2'’f. and respiration 44. A'-ray 
revealed mediastinal widening and fluid in the 
left pleura. She was given prontolin intrave- 
nously and sulfapyridine by mouth and her blood 
concentration varied between 2 and 13 mg. per 
cent. Fluid was aspirated from the pleura on 
January 16. 17, and 21, and she was given five 
transfusions. Cultures of pleural fluid showed 
Streptococcus hcmoK-ticus. Medication was 
discontinued on February 12, four weeks after 
admission because the patient had apparently 
been cured. She was discharged as cured on 
February 16 with negative physical examina- 
tion and .v-ray evidence of slight limitation 
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of diaphragmatic movement but otherwise 
negative. 

Case viii. M. C., aged five, %vas admitted 
August 17, 1938, for bilateral otitis media and 
right mastoiditis of three weeks’ duration. On 
August 29, there was considerable nasal dis- 
charge, although the ears and mastoid had 
improved markedly. She developed cough, 
grunting respiration, and C3fanosis and there 
were abnormal ph3^sical signs in the left upper 
lobe area. JA-ray revealed tracheobronchial 
Ij'mph-node enlargement with obstructive em- 
physema. This later progressed to atelectasis 
and bj' September 6, the left lower lobe was also 
airless. Several aspirations were unsuccessful in 
producing fluid, and bronchoscopy revealed 
huge quantities of pus from the left bronchus 
containing hemolj'tic streptococci and fusiform 
bacilli. The patient was treated b}'- blood trans- 
fusion, sulfonamide drugs and neo-arsphen- 
amine, but progressed to death on September 
29. JA-ray had revealed diminution in the 
mediastinal width as the suppurative pneu- 
monitis progressed, which was interpreted in 
retrospect as being due to drainage of the 
mediastinitis spontaneously into the left upper 
lobe. The .v-ra}' diagnosis of mediastinal tymph 
adenopathj' and a positive Mantou.v test had 
led to the erroneous diagnosis stated above. No 
postmortem examination was obtained. 

Case ix. A. B., aged twenty, was admitted 
Maj' 6, 1938, with a toxic psj'chosis for which 
tube feedings were begun. The patient with- 
drew the tube on two occasions and on Maj' 8, 
there was considerable difficulty and struggle in 
reinserting it. The following daj'. May 9, there 
was emphj^sema of the face, neck, thorax and 
arms. Temperature was I04°F., pulse 160, 
respiration 20, white blood cells 17,750 with 
88 per cent pDlj^morphonucIear neutrophils and 
of these 38 were nonfilaraent forms. He was 
placed on nothing bj' mouth, sulfanilamide, 100 
gr. daiij-, and daih' small blood transfusions. 
A'-ray revealed emph\’sema but no thickening 
of the cervical and thoracic mediastinal tissues. 
There was rapid improvement, the temperature 
reaching normal in six days, although there 
were two subsequent rises from Ma\' 17 to 21 
and from Maj- 23 to June 3, as high as io4°f. on 
one day, but .v-raj' revealed no thickening and 
decreased gas in the mediastinum. Obser\'ation 
over the ne.\t three months during which the 
psj-chosis improved, showed no further evi- 
dence of mediastinal infection. 


C.ASE X. T. C., aged fifty-six, was admitted 
December 1 1, 1937, with a three-month history 
of dj'sphagia due to carcinoma of the esopha- 
gus. Endoscopic examinations were made on 
December 13 and 16 without difficulty and the 
constriction visualized. On December 17, tem- 
perature rose to ioo“f. and there was swelling 
and tenderness on the left side of the neck along 
the anterior border of the sternomastoid. This 
w'as drained and 5 to 10 cc. of thin odorless pus 
evacuated, which upon culture was sterile. 
Seven days later a gastrostomy was done and 
the patient was discharged on January' 15, 1938, 
with no further evidence of mediastinal 
infection. 

Case xi. S. W., aged seventy, was admitted 
February 15, 1938, with a history that she had 
suffered dy'sphagia progressively' for six weeks 
and substernal pain for the past two or three 
weeks. She had lost twenty' pounds in weight. 
Examination revealed temperature of ioi°F. 
■with swelling and tenderness of the left side of 
the neck. White blood cells, 25,000 with 90 per 
cent poly'morphonuclear neutrophils of which 
50 were nonfilament. Two days later a gastros- 
tomy' for feeding and cer\'ical mediastinotomy 
were done. On February 19, two day's postoper- 
tively, she died suddenly, apparently' of a 
vascular accident. 

Case xii. G. E., aged eight, was admitted 
November 14, 1935, for lary'ngeal stenosis of 
several montfe’ duration. On October 12, 193^1 
following lary'ngeal dilatation temperature rose 
to ro2°F. In the next three day's it rose in septic 
fashion to io4°f„ and on October 16, 
x-ray revealed widening of the retrotracheal 
space with presence of gas. Cen'ical mediastm- 
otomy' was attempted but no pus could be found 
and the wound was packed ■with vaseline gauze. 
A second attempt on October 23 drained about 
60 cc. of thick gray' fetid pus and gas. Tempera- 
ture returned to 99°F. in five day's and to normal 
in eleven day's and she continued to complete 
convalescence. 

Case xiii. A, S., aged forty-four, was ad- 
mitted May' 12, 1939, with a history' that all her 
teeth had been extracted four days before. The 
following day she awakened with marked 
swelling of the jaw, fever and general aching- 
The ne.xt day* there was swelling of the floor of 
the mouth and neck with dy'Sphagia and the 
third day this was increased and she noted pam 
in the chest substemallj' and under the left 
scapula. Examination revealed temperature 
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i02°F., herpes labialis, toxic appearance with 
foul drainage from tooth sockets and marked 
swelling of the floor of the mouth preventing 
observation of the pharynx. There was marked 
swelling of the left neck and the white blood 
cells numbered 13,900 with So per cent poly- 
morphonuclear neutrophils of wliich 34 were 
nonfilament. Smears and cultures showed no 
spirochetes and many viridans streptococci. 
Two blood cultures were negative. In the 
following three days dyspnea appeared and 
became pronounced, there was one chill, and 
the patient became dilirious and cj'anotic and 
suffered severe abdominal pain and distention. 
This picture progressed till her death on hlay 
17. Postmortem examination revealed pus in 
the retrovisceral space from neck to diaphragm, 
pericarditis, and bilateral empyema, each space 
containing more than 100 cc. of graj- green pus, 
cultures of which showed Streptococcus hemo- 
K*tlcus and Streptococcus viridans in aerobic 
and anerobic culture. 

Case xiv. E. G., aged forty-nine, was ad- 
mitted March 20, 193S. Nine days before while 
eating fish, she choked on a bone, since which 
time there has been sticking pain in the throat. 
In the past three days pain was severe and 
there was almost complete dysphagia. Examin- 
ation showed temperature 99.8°f. with swelling 
of the mucous membrane of the posterior 
pharyngeal wall; Wassermann 3, wliite blood 
cells 7,700 with 70 per cent polymorphonuclear 
neutrophils of which 34 were nonfilament. An 
•v-ray revealed retropharyngeal thickening of 
soft tissues and gas. On March 22, cervical 
mediastinotomy produced 60 cc. of thick foul 
pus from about the esophagus. Cultures showed 
viridans streptococcus and bacteroids. Her 
temperature reached normal in eight days and 
she was discharged healed on April 16, four 
weeks after admission. 

Case xv. R. T., aged seven, was admitted 
April 5, 1940, with a history of sharp pain in the 
throat since he had swallowed a sharp object 
while eating jam two days before. At that time 
Ills physician induced vomiting without im- 
provement, and the mother discovered a sec- 
tion of glass missing from the jam jar. Examina- 
tion revealed temperature io2°f., the patient 
was unable to move his head or swallow without 
pain, and there was tenderness over the neck. 
X-ray revealed a triangular piece of glass and 
emphysema of the retrovisceral space, both 
cerv'ical and thoracic. The following dav cervi- 


cal mediastinotomy was done releasing gas and 
foul pus, and although the glass fragment was 
palpated, it was dislodged and moved down the 
esophagus preventing removal. His tempera- 
ture fell to normal in five days, April 1 1, and he 
passed the glass by rectum. Sulfapyridine was 
administered for one day but was discontinued 
because of hematuria. He was discharged 
April 26 with a healed wound as cured. 

C.ASE XVI. J. S., aged forty-six, was ad- 
mitted September 2, 1937, with a history that 
ten days before, while eating crab meat, he had 
swallowed a piece of shell. This caused coughing 
and a cutting pain in the throat with pain in the 
chest which persisted to admission. On exam- 
ination, temperature was ioi°F., pulse 100, 
respiration 30, but no physical signs could be 
found in the neck or the thorax. Esophagoscopy 
revealed esophagitis with ulceration. The fol- 
lowing day there was more pain and em- 
physema with tenderness in the left neck 
anteriorly. The next daj' white blood cells 
19,300, with 75 per cent polj’morphonuclear 
neutrophils of wliich 1 5 were nonfilament forms, 
and .v-ray revealed retrovisceral thickening and 
gas. In the next seven days there was steady 
improvement and he was discharged for ob- 
servation as an outpatient. On September 15, 
the throat became very sore and in a few hours 
he coughed up a large quantity of pus. He was 
readmitted the following day, September 16, 
with marked dysphagia and induration along 
the anterior border of the left sternomastoid. 
The following day cervical mediastinotomy was 
done releasing gas and foul pus under tension. 
The temperature dropped from loi to 98 °f. in 
two days and he was discharged on September 
24 Improved. 

Case xvii. A. W., aged forty-two, was 
admitted May 13, 1937, for esophageal stenosis 
of unknown etlologjv She was examined endo- 
scopically and the next day her temperature 
rose to io2°F. The following day -v-ray revealed 
retrotracheal thickening and gas, and barium 
penetrating the esophageal wall. However, 
temperature slowly subsided and there was 
general improvement except for .v-ray evidence 
on Mai' 19 of increased gas and swelling in the 
retrovisceral space with narrowing of the 
trachea from outside pressure on the right. On 
May 21, eight days after the onset a cendcal 
mediastinotomy was done releasing fetid 
yellowish gray pus from the retrovisceral space. 
Her convalescence was good until June 2, her 
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twelve postoperative day. In the next twentj’’ Case xix. G. B., aged fiftj'-four, was ad- 
hours she had three rather severe hemorrhages mitted October g, 1939, for dilatation of cardio- 
requiring secondarj^ operation on June 3. This spasm associated with hiatal hernia. On 



Fig. 4. Case XIX. G. B., left, \-ray film of October 14, 1939, sKott ing extensive retrovisceral thicken- 
ing and gas. Right, \-ray film of February 2, 1940, showing decreased depth and gas. 


shotted a slough of the carotid artery which 
required ligation of same for control. She 
developed a hemiplegia from loss of cranial 
blood supply and died the following day. Post- 
mortem examination revealed continued poste- 
rior mediastinitis, fibrinous pleurisy but no fluid 
on the left and softening of the right cerebral 
hemisphere. 

Case xvm. K. C., aged seventy-five, ttas 
admitted January 27, 1939, tvith a history of 
stt allotting a fish bone five days before. Fordtto 
days there had been severe pain on swallowing 
tt hlch then decreased. For the past three days 
she had feter and pain in the right upper chest 
anteriorly. Examination showed temperature 
of ioo.4°F. and tenderness in the neck ante- 
riorly. There were 14,800 white blood cells of 
which per cent were polymorphonuclear 
neutrophils and 30 of these nonfilament forms, 
and blood sugar of 270. On January 28, cervical 
mcdiastinotoniy was done releasing about 60 
cc. of odorous pus and gas from the rctro- 
t isccrai space. Temperature receded to normal 
in ten days and she was discharged February 12, 
1059. as cured. 


October 1 2, esophagoscopic dilatation was done 
and two days later there was pain, tenderness, 
swelling and emphysema in the left neck ante- 
riorly. White blood cells, 5,800 of which 88 per 
cent were polymorphonuclear neutrophils and 
28 of these nonfilament forms. The .\-ray re- 
vealed peritracheal gas and phlegmon. The 
following morning, October 15, the patient was 
delirious and ceiwical mediastinotomy was done 
releasing 1 0 to 1 5 cc. of foul brownish pus from 
the retrovisceral space. Temperature dropped 
to normal in eleven days but drainage persiste 
due to esophageal fistula. The purulent charac- 
ter disappeared within two w eeks and healing 
was complete in 2 months. (Fig. 4.) 


Case xx. D. S., aged seventeen, was 


ad- 


mitted May 14, 1937, with a history ofswaijow- 
ing a chicken bone a few hours before. Sticking 
pain had been present since. Temperature was 
ioo°F. and there was slight tenderness in t e 
neck. During esophagoscopy the bone passed on 
down the esophagus. Temperature increased to 
io 2 °F. and there was evidence by .v-ray of gas 
in the mediastinum and left pleura and a white 
blood count of 17,000 with 85 per cent po,'" 
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morphonuclear neutrophils of which 50 were 
nonfilament forms on May 1 5. On May 17, fluid 
was found in the left pleura and tlris was 
drained on May 18 by intercostal drainage 
revealing foul gray pus and gas. No mediastin- 
otomy was done. The patient made slight 
temporary Improvement followed by steady 
regression and finally hemorrhagic drainage 
through the thoracostomy ended in death on 
May 25. 

Case xxi. K. M., aged thirty-eight, was 
admitted January i, 1937, with a history that 
eleven days before while eating a veal cutlet a 
sharp object stuck in his throat. A physician 
and .v-ray examination could find nothing 
abnormal. Six days later a lump appeared on 
the neck along the anterior border of the 
sternomastold and two days later he began to 
expectorate foul pus. Additional .v-ray revealed 
a piece of wire in the esophageal wall, and he 
was sent to the hospital. Examination revealed 
temperature ioi°F., swelling on both sides of 
the neck more marked on the right which was 
tender and caused pain radiating to the right 
arm. Swallowing caused similar pain. The fol- 
lowing day, twelve days after onset, cervical 
mediastlnotomy revealed 15 cc. of fetid gray 
pus and a piece of wire. On Januarj* 13, tem- 
perature was normal, there was verj" little 
drainage, and the patient was symptom free. 
He was discharged to the care of his family 
physician. (Fig. 5.) 

Case xxii. S. D., aged four was admitted 
April I, 1 93S, with history of swallowing catsup 
bottle top seven days before. There was choking 
and cyanosis for a short time followed by 
vomiting and anorexia. Removal was at- 
tempted before admission following which there 
was cough and cyanosis. Examination revealed 
temperature of ioi°f. with some reddening in 
the pharynx but no swelling or emphysema of 
the neck. There were a few rales over the right 
lower lobe area. ^Yhite blood cells 18,400 with 
42 per cent polymorphonuclear neutrophils of 
which 21 were nonfilament Four days later 
-V-ray showed foreign body had moved into the 
stomach. There was a marked increase in 
temperature to io4°f. and in the wlrite blood 
cells to 90,000 with 56 per cent polymorpho- 
nuclear neutrophils of which 45 were nonfila- 
ment. Two days later she was extremely toxic. 
There was no emphysema of the neck and .v-ray 
showed widening of the mediastinum and the 
presence of gas. In this critical condition cervi- 


cal mediastlnotomy was done and tlrick cloudy 
fluid with considerable cellulitis and edema was 
revealed which showed a culture of hemolj'tic 
streptococcus. She died the same daty April 6, 
1938. 

Case xxiii. J. T., aged fifty-seven, was 
admitted July 12, 1937, for a carcinoma of the 
esophagus producing symptoms over the past 
six months. Following biopsy on July 12, the 
patient slowly developed temperature to ioi°f. 
over the next three days with subcutaneous 
emphysema of the neck and .v-ray evidence of 
retrotracheal widening and gas. There was also 
an increase of the lung marking on the left as 
compared to previous films. Two days later, 
July 17, there was increase in symptoms and 
local evidence and a cervical mediastlnotomy 
was productive of foul pus and gas. Following 
this the patient improved rapidh' over a period 
of two weeks and was discharged with con- 
tinued drainage and without .v-ray check-up. 
He was readmitted on September 10, 1937, 
seven weeks after mediastlnotomy with a 
healed mediastlnotomy and increasing dys- 
phagia which was ascribed to his carcinoma. On 
September ii, a gastrostomy was done. On 
September 1 5, the patient had circulatory 
collapse with pain in the chest and left lower 
abdominal quadrant and physical signs suggest- 
ing atelectasis at the left base. A’-ray revealed 
evidence of atelectasis or pneumonitis left base. 
The patient became progressive!}* worse and 
died on September 25, having been moribund 
for five days. Postmortem examination revealed 
400 cc. of thick foul pus in the posterior medias- 
tinal space, purulent pericarditis and hemor- 
rhagic effusion in both pleura, 800 cc. on one 
side and 1,800 on the other. 

Case xxiv. H. B., aged eighteen months, 
was admitted December 28, 1938, two months 
after she had swallowed lye, with increasing 
difficulty in swallowing since. Her temperature 
was ioi°F., physical examination negative and 
white blood cells, 16,500 with 40 per cent 
polymorphonuclear neutrophils of which 14 
were nonfilament. On December 30, esophago- 
scopy showed ulceration and swelling of the 
mucosa. Immediately after the patient began 
vomiting and within four hours there was fever 
of i03°F., cyanosis, and labored breathing. This 
progressed rapidly, there was emphysema of 
neck and .v-ray evidence of gas in the medias- 
tinum, pericardium, and left pleura. Aspiration 
removed 40 cc, of milky fluid and gas from the 
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left pleura and similar material from the pain in the left ear which had been host to otitis 
pericardium. Cultures of these showed hemo- media at the age of three and again at the age of 
Iji^ic staphylococcus aureus and non-hemolytic eight. His temperature was 99 to ioo°f., pulse 


a 


b 



Fig. 5. a. Case xxi. K. M., v-ray films of January' 2, 1937, showing thickening of the retrovisceral 
space extending to the fifth rib posteriorly with gas and wire, b, x-ray films of January 12, ig 37 > 
showing decreased depth and gas and three wire sutures. 


streptococcus on both aerobic and anaerobic 
culture. The child was too ill to consider the 
multiple surgical procedures necessary for 
drainage and died in the next seven hours, 
December 31, 1938. (Fig. 6.) 

Case xxv. C. VanF., aged twenty-five, was 
admitted November 3, 1939, with a history of 
sore throat and sw'elling anterior to the left 
mastoid beginning eight days before. He had 


74 and respiration 20. The pharyngeal wall, 
uvula, and left tonsillar fossa w ere red and 
swollen. There w'as poor dental hj'giene and 
neck was hot, tender and indurated in the leit 
anterior portion from the mandible to the base 
of the neck. The following day, November 4, a 
quantity of foul smelling pus was evacuated bj 
superficial incision and apparentlj* the charac- 
ter of the abscess was not recognized. Culture 
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showed Streptococcus viridans on aerobic and hemoh'tic staphylococcus aureus. His tempera- 
hemoh'tic streptococcus and bacteroids on ture returned to normal in five days and Iris 
anaerobic culture. Profuse drainage continued progress was good. On December 13, opaque 



Fig. 6. Qisexxiv. H. B., .v-ray films of December 30, 1938, showing extensive mediastinal emphysema 
extending from skull to diaphragm, left hydropneumothorax and hydropneumopericardium. 


for three days then decreased, and he was dis- 
charged six days later as improved. 

He was readmitted December 1, three weeks 
later, stating that for one week after discharge 
he improved but was constantly hoarse. One 
weeh ago the slight pain on swallowing which 
he had suffered increased as did the hoarseness. 
One half hour before admission severe cough, 
dyspnea and some hemoptysis had occurred, 
and he was rushed to the hospital by his physi- 
cian. Examination showed marked dyspnea and 
cyanosis and continued drainage from the 
cervical wound. Mirror laryngoscopy revealed 
fixation in adduction of both vocal cords with 
displacement of the larynx to the right. 
Emergency tracheotomy was done with marked 
relief. On December 2, .v-ray revealed gas and 
phlegmon of the retrovisceral and visceral 
spaces — not communicating with tracheotomy 
wound. Displacement of the trachea to the 
right was also demonstrated. There were 10.800 
white blood cells with 65 per cent polymorpho- 
nuclear neutrophils, 13 of which were nonfila- 
mont. Culture from the drainage revealed 


material was Introduced through the cervical 
wound and .v-ra\' taken outlining the retro- 
visceral space from the clavicle to the base of 
the skull. He was again discharged on Decem- 
ber 22, with continued cervical drainage so that 
he might spend the Christmas holidays at 
home. He was readmitted on January 4 in the 
same condition. Because of persisting drainage 
the cervical wound was enlarged on January 17, 
1940, and he was discharged on February 5 with 
lessened drainage continued paralysis of the 
cords and swelling of the epiglottic and sub- 
glottic regions. Treatment was continued over 
the ne.xt year for laryngeal stenosis requiring 
wearing of the tracheotomy tube. A'^-raj- of 
August 30, 1940 showed persistence of soft 
tissue swelling about the larynx, chiefly to the 
right. 

Case xxvi. H. S., aged twenty-three, was 
admitted June 5, 1937, with a history of e.vtrac- 
tion of the first left lower molar four days ago. 
Two days later there was swelling and pain in 
the left submaxillary area which has progressed 
to trismus and swelling under the tongue. 
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Examination revealed pus exuding from the 
s\Yollen socket, trismus and tenderness with 
induration in the left submaxillary region 
extending in lessened degree to the left clavicle. 
There was also marked lymphadenopathy on 
this side, temperature ioi°f., pulse no, 
respiration 22. Culture showed Streptococcus 
viridans. He was given sulfanilamide 90 gr. 
daily, blood transfusions, and ice bag to the 
affected area, following which there was rapid 
and marked improvement so that the surgical 
drainage planned for the following day was 
postponed. Temperature reached normal in 
three days and he was discharged June j i as 
cured. 

Case. x.xvn. R. DiG., aged forty-six, was 
admitted April -17, 1940, seven days after 
toothache began in the right lower third molar. 
The following day there was swelling about the 
mandible which increased, and two daY'S later 
chills and fever occurred. The next day the 
tooth was ex'tracted and much pus evacuated. 
However, the swelling increased, fever per- 
sisted and respiratory difficulty occurred just 
before admission. Examination showed swelling 
of the lateral and posterior pharyngeal wall, 
the floor of the mouth, and the entire neck 
anteriorly. The appearance of the gums sug- 
gested Vincent’s angina and there was very 
poor dental hygiene. The patient was cyanotic 
and in a state of vascular collapse. The tem- 
perature was ioi°F., pulse 140, respiration 50, 
white blood cells 13,450 with 89 per cent poly- 
morphonuclear neutrophils of which 61 were 
nonfilament forms. A'-raj' revealed retropharyn- 
geal and posterior mediastinal induration, and 
possible bronchopneumonia of the left lower 
lobe. He died within a few hours before an3'- 
thing could be done except the administration 
of sulfanilamide for two or three doses. Post- 
mortem examination revealed Ludwig’s angina, 
lateral pharyngeal space and retropharyn- 
geal abscess extending into the posterior 
mediastinum, pericarditis and bilateral em- 
PS'^ema. Blood cultures were overgrown with 
contaminants. 

Case xx\un. L. S., aged fortj’-seven, was 
admitted January 13, 1937, with a history that 
four days before a chicken bone had stuck in his 
throat causing temporary choking. He made an 
effort to remove it with his finger but the sjmip- 
toms persisted. That night there was dj'spnea 
on Ijfing down and at 4 a.m. his doctor tried to 
force the bone down the esophagus. Two daj'-s 


before admission .v-ray revealed the bone and 
an attempt at csophagoscopical removal was 
unsuccessful. Since that time the patient was 
unable to swallow and there was pain in the 
throat and chest for which he was referred to 
the hospital. Examination revealed tempera- 
ture 98.4 °f., pulse 84, and respiration 22 with 
no swelling or tenderness of the neck but a 
swollen posterior pharyngeal wall. A'-ray re- 
vealed retrovisccral phlegmon and gas and an 
opaque area suggestive of bone. Barium pene- 
trated the posterior pharyngeal wall. He 
improved and was discharged on Januarj- 16 to 
his famil\' physician. One month later he 
coughed up a portion of tooth-pick measuring 
two and one-half inches with complete relief 
except for occasional choking sensation over 
the past five months. 

CON'CLUSIOSS 

Acute mediastinitis is a fairly common 
disease as indicated by published reports 
and thirty-eight cases at Temple Univer- 
sity Hospital in five years. 

Knowledge of the practical anatomy of 
the fascial planes of the neck and thorax as 
reviewed is of vital importance. 

Analysis of the etiology, symptoms, and 
results of our cases compared with 197 
cases collected from the literature indicates 
that the mortality of undrained cases 
ranges between 60 and 80 per cent and that 
for the group in which adequate drainage 
was established varies between 33H ^nd 
40 per cent. 

Accurate diagnosis is possible if the lesion 
is considered in potential cases. A-rav 
study has been the most dependable 
method of investigation. 

Immediate drainage bj' cervical medias- 
tinotomy with the additional supportive 
measures outlined offers the best prospect 
for cure. 

The author is verj’’ grateful to the following 
for their permission to ana^'ze some of their 
cases: Doctors G. Mason Astlej', W. Waj'ne 
Babcock, J. Norman Coombs, Matthew S. 
Ersner, Temple Faj', Chevalier L. Jackson, 
Savere F. Madonna, Robert F. Ridpath and 
William A. Steel. 
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A GOITER fixed by capsular infiltration which makes the technic difficult 
is more liable to lead to disaster than those in whicli the gland is freeh- 
movable. Therefore if the gland is fixed, one had better wait until it loosens. 



LOGICAL APPROACH TO SUBPHRENIC ABSCESS^^ 


Henry H. Faxon, m.d. 

BOSTON, MASSACHUSETTS 


A DISCUSSION that deals with tho- 
racic surgery connotes a consid- 
eration of pathology above the 
diaphragm, but it is obvious when Ave 
consider the exact location of this structure 
that the region immediately below it is 
likewise Avell within the boundaries of the 
thoracic cage. For this reason the subject of 
subphrenic abscess is included in this 
volume, and the folloAving presentation 
based on 124 consecutive operative cases 
covering the period from 1 900 to 1941, from 
the Massachusetts General and associated 
Baker Memorial Hospitals is presented. 

Objection might be raised that a study 
extending back to such an early period 
includes certain cases that were of necessity 
handled without the aid of modern surgical 
adjuncts. In an attempt to present the 
logical approach to the treatment of this 
condition, however, the inclusion of these 
earlier cases would seem helpful in afford- 
ing a background for the evolution of 
present beliefs. Furthermore, Avith the 
single exception of the adA^ances made in 
x-ray technic, there haA'e been no outstand- 
ing surgical contributions that alter the 
fundamental considerations that this prob- 
lem presented in this series. 

Any study at a single institution OA^er a 
lesser period Avould be productiA^e of so 
relatively fcAv cases that the statistical 
A^alue of the data Avould tend to be limited 
and misleading. The cases inAmhung those 
spaces beneath the Ih-er edge that haA^e 
come b}’^ common acceptance to be included 
under the term “subphrenic abscess” are 
likeAvise included; for although, strictly 
speaking, they lie beloAv the thorax, they 
are so intimatelj^ associated both from an 
anatomic and a therapeutic point of aucav 
Avith the areas aboA^e the liA^er that they 
cannot aa-cII be dissociated from them. 


It may seem trite to state that the most 
desirable surgical procedure in the treat- 
ment of an abscess Avhich has been cor- 
rectly diagnosed is that Avhich promptly 
giA'es the most effectiA-e dependent drainage 
through the shortest approach consistent 
Avith the safety' of the interA-ening struc- 
tures. Certainlj- these general principles 
present no problem if Ave consider such a 
simple example as that presented by an 
axillary abscess. In the case of a sub- 
phrenie space InA-olvement, hoAACA-er, the 
A’arious factors mentioned are more com- 
plex and for that reason Avill be considered 
separately in greater detail. 

STATUS OF INFECTION 

In the case of a superficial infection, the 
stage of its development can be readily 
eA-aluated by palpation and the presence 
of fluctuation detected. HoAvever, AA-ith a 
subdiaphragmatic inA'olA ement, because of 
the resistance of the overlying ribs, the 
process does not permit such CA-aluation, 
and the question as to AA-hether such infec- 
tion has progressed to suppuration is often 
a difficult one to ansAver. It is Avell recog- 
nized that if frank pus in the subphrenic 
region is not drained surgicall}- or does not 
rupture spontaneous!}" into some faAmrable 
aA-enue of escape, the mortality Avill ap- 
proximate 100 per cent. It does not 
necessarily folIoAv that because there is 
inflammation beneath the diaphragm it 
AA-ill progress to abscess formation; in fact, 
Ochsner and GraA'CS^ state that OA’er tAAO- 
thirds of such infections subside AA'ithout 
suppuration, and in this present series, 
one-fifth (20 per cent) of the cases AA-ith 
clinical signs of such infection foIIoAA-ed a 
similar course. (Table i.) Undoubtedly, 
many instances in Avhich such a process AA-as 
suspected but of necessity lacked con- 
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firmation failed to have such a diagnosis 
entered on their records, and thus the 
proportion of such cases errs in being too 
low in this present series. 

Table i 

CASES DIAGNOSED AS SUBPHRENIC ABSCESS 
OR SUBPHRENIC INFL.\MMATION 


No. of 

Classification of Case Cases 

Surgical drainage of subphrcnic abscess 124 

No operation (subphrenic inflammation) 32 

No operation for subdiaphragmatic abscess 

(lesion discovered at autopsy) 23 

Operation but no pus encountered 6 

Spontaneously drained via previous operative 
sinus 4 

Total 189 


In twenty-three cases in which no drain- 
age of the subphrenic area had been insti- 
tuted, autopsy examination revealed in one 
of the subdiaphragmatic spaces a collection 
of pus which in most instances was small in 
amount and of incidental importance as a 
cause of death. 

Doubt is bound to exist in certain cases 
on the question of the actual presence or 
absence of pus, and in 6 instances of this 
series, the subphrenic region was explored 
and no abscess encountered. An occasional 
such properly executed exploration that 
reveals only “subphrenic inflammation” is 
infinitely more desirable than a timid atti- 
tude of vacillation that allows the process 
to persist unduly long or extend beyond its 
natural confines. 

Spontaneous drainage occurred in four 
patients along the course of an apparently 
healed sinus tract that had resulted from 
the institution of drainage at the time of 
the original laparotomy. 

ANATOMY 

It is not surprising that considerable 
ambiguity should exist in the minds of 
many surgeons as to the exact limits of the 
constant subdivisions of the space beneath 
the diaphragm, for they are called upon 
relatively infrequently to explore certain 
areas of this region. In this series, for 
example, fifty-five surgeons were responsi- 
ble for the treatment of the 124 patients 


and the greatest number drained by any- 
one individual was only ten. The prime 
requisite, however, for prompt recognition 
and intelligent treatment of a subdia- 
phragmatic abscess is a thorough familiar- 
ity with the anatomy involved; for a 
diagnosis which localizes the infection be- 
neath the diaphragm yet fails to specify 
which of the spaces it involves is bound to 
be attended with hesitanc}^ in proceeding 
with surger}’' and relative ineffectiveness 
when it is finall}’- adopted. 

Martinet- and Barnard® at the start of 
the century presented such effective ana- 
tomical descriptions of this area that these 
have subsequently served as a basis for 
defining the limits of what is now under- 
stood to be included under the term “sub- 
phrenic region.” Beneath the diaphragm 
the falciform suspensory ligament divides 
the area superior to the liver into two 
essentially equal right and left portions. 
(Fig. 1.)“^ On the left, there is but a single 
superior space as the triangular ligament 
of the liver does not encroach upon its 
surface but is attached to the posterior 
margin of the left lobe. On the right, the 
falciform ligament and its lateral extension 
divides the area into a right posterior 
superior space, and a retroperitoneal area 
within the laterally converging leaves of 
the ligament itself. (Fig. 2.)'* Special note 
should be made that the anterior space is 
far larger than the posterior by virtue of the 
fact that the anterior portion of the tri- 
angular ligament lies well posterior to the 
dome of the liver, and that the posterior 
portion of the ligament by its dorsal 
obliquity restricts the right posterior space 
to a distinctly lateral position. (Fig. 3.) A 
retroperitoneal area that may become 
distended with pus exists between the 
diaphragm and diaphragmatic peritoneum; 
but this is a potential rather than a truh' 
anatomic space, and infection in this region 
played a relatively minor role as this space 
was involved in but 3 per cent of these 
cases. 

Beneath the liver on the right is a single 
right inferior space, less well demarcated 
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latter two sources, their close proximity to lymphatics or blood stream, there was no 
the subdiaphragmatic region makes the instance in this series in which the im- 
direct extension of infection to that area plantation of sepsis by either of these 
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Fig. 3. View of the superior surface of the liver showing how the diverging leaves of the right 
triangular ligament limit tlie size and position of the most commonly involved posterosuperior 
space. 


easily understandable. When appendicitis 
has been the inciting cause, the spread of 
infection from the distinctly more remote 
right gutter is best explained by the aspi- 
rating influence of respiration in the upper 
abdomen demonstrated by Overholt,® and 
the part the ventral curvature of the lum- 
bar spine, with the patient in the supine 
position, plays in influencing the gravita- 
tion of material toward the subdiaphrag- 
matic region. 


Table ii 

ETIOLOGY or SUBPHRENIC ABSCESS 



Cases 

Percent- 

age 

Appendiv 

38 

37 

24 

'>S 


Stomach and duodenum 

30 

Tn 

Li\er and bile passages 

All other causes 

20 




Although infection may find its way to 
one of the subphrenic spaces by waj*^ of the 


routes could be clearly established. In the 
cases in which an empyema was found in 
association with the subdiaphragmatic 
abscess, it seemed in all save possibly two 
cases to have been a result rather than a 
primary’' cause of the subphrenic abscess. 

Granted a case in which a subphrenic 
abscess is suspected, the likelihood of its 
being present is strengthened b}'^ the finding 
of certain or all of the following factors: a 
high fixed diaphragm, fluid or gas beneath 
that structure, tenderness over a suspected 
space, and pleural effusion. 

The position and motion of the dia- 
phragm can be approximate!}’’ determined 
by clinical examination of the chest, but 
fluoroscopic studies give more exact in- 
formation on these points and in addition 
establish the presence or absence of fluid or 
gas in the upper abdomen. When the 
patient is too ill to permit such an examina- 
tion, portable roentgenograms should be 
taken in both the anterio-posterior and 
lateral views with the patient’s trunk sup- 
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ported in an upright position. AT-ray 
facilities during the early part of this series 
were much more limited than in recent 



Fig. 4. Dr.i\ving of the initial steps in the retro- 
peritoneal type of operation for a right posterior 
or inferior space infection. Note that the deeper 
dissection is at a level of the first lumbar spine 
rather than along the bed of the twelfth rib. 

years, which explains the fact that in 
twenty-eight cases no roentgenological 
studies were made. In five cases, a sinus 
tract which had persisted following previ- 
ous operative drainage was effectively 
utilized for the injection of a radio-opaque 
material to demonstrate the confines of the 
abscess cavit3^ (Table in.) 


Table in 

X-ray data in ninety-six cases* 

OF SOBPHRENIC ABSCESS 


i 

1 

Cases 

Percent- 

age 

Diaphragm elevated 

75 

78 

Diaphragm not elevated 

4 

4 

Diaphragm not visualized 

i 

18 

Fluid level and gas 

H— 

00 

29 

Opaque injection into sinus 

5 

5 


* In twenty-eight cases no preoperative .v-ray films 
were taken. 

t One of these cases showed no fluid level, although 
gas could be demonstrated. 

In nearty one-fifth (18 per cent) of the 
ninetj^-six cases in which .v-ray studies were 
made, the outline of the diaphragm was 
obscured. When the diaphragm could be 
visualized, however, it was found to be 
elevated in practically all (95 per cent) of 


the cases. The erroneous idea is frequently 
entertained that gas and a fluid level can 
usually be demonstrated in a subphrenic 



toncal type of operation for a right posterior or 
inferior space infection. Note that the lower 
fibers of the diaphragm have been cut across 
but that the peritoneum has not been incised. 

abscess, when, as a matter of fact, this was 
true in but slightly over one-quarter (29 
per cent) of the cases in which roentgeno- 
grams were taken. Muller et al.,® have 
demonstrated that free air beneath the 
diaphragm can be visualized b}’ -v-raj'^ as 
long as two weeks following Iaparotom3% so 
that the possibilities for its presence must 
be weighed in order to attribute the proper 
significance to the finding. 

That the t^'pe of contamination was the 
most important factor in the occurrence of 
fluid and gas in the subphrenic abscess is 
brought out bj”^ the fact that nearlj"^ one- 
half (thirteen) of the cases with this finding 
followed a perforated gastric ulcer in which 
gas and fluid plaj'^ed a part at the time of 
the initial insult to the peritoneal cavity-. 
There were, however, an equal number 
(thirteen) of subdiaphragmatic abscesses 
following perforation of a gastric or duo- 
denal lesion in which no such finding was 
present. Neglect in instituting drainage 
could not be shovTi statisticallj^ to account 
for fluid and gas for the cases in which these 
were present were actually drained earlier 
following their initial infection (twent}^- 
two days) than those in which thej’ were 
absent (twenty-seven dav’s). 
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As with circumscribed infections in other ally demonstrated, it undoubtedly may 
conditions, localized tenderness is of great have existed. In over two-thirds (72 per 
diagnostic significance in a suspected case cent) of the cases, however, in which 



Fig. 6. Drawing of the initial steps in the retroperitoneal type of 
operation for an anterior space infection. Note that the posterior 
fascial layers must be incised before the peritoneum can be stripped 
from the undersurface of the diaphragm. 


of subphrenic abscess. Inasmuch as with 
involvement of the superior spaces the 
thoracic cage intervenes as a barrier 
between the skin and the underlying infec- 
tion, it is frequently easier to elicit tender- 
ness by compression of the chest wall than 
by any lighter forms of palpation. Careful 
interpretation of the findings of such ex- 
amination is helpful in further suggesting 
which of the spaces is involved, for with the 
abscess in the right posterior superior 
space, tenderness will be found over the 
twelfth rib posteriorly; while with infection 
in the anterior superior spaces, it will be 
brought out by firm pressure over the 
respective right and left anterior costal 
margins. 

The finding of pleural efl'usion may be 
more confusing than helpful in arriving at 
the proper diagnosis, for its presence may 
be mistakenly ascribed to a primary source 
of inicction above the diaphragm. Opin- 
ions'--'^ differ as to the frequency with 
which fluid is found above the diaphragm 
in association with a subphrenic abscess. 
The data from this series of cases are incon- 
clusive on this point, for in a definite 
number of the eighty-two cases in which 
there was no note of such fluid beins actu- 


thoracentesis or visualization of the pleural 
cavity was carried out, some pleural effu- 
sion was apparently present and was 
usually (87 per cent) found in conjunction 
with an abscess involving one of the supe- 
rior spaces. (Table iv.) That it did not of 


Table iv 

FINDINGS .AS REGARDS PLEURAL EFFUSION .ASSOCIATED 
WITH SUBPHRENIC ABSCESS 


Clinieal Data 

Num- 
ber of 
Cases 

i 

Percent- 
age of 
Total 
Cases 

i 

No thoracentesis or operative visuali- j 
zation of pleural cavity 

! 

82 ' 

66 

Empyema at time of subphrenic 
drainage 

10* 1 

8 

No fluid by thoracentesis (4) or 
visualization (5) 

1 

1 


Pleural effusion by thoracentesis (23) 
or A’isualization (0) 

1 

23 f 

1 

19 



• 70 per cent of these w ere grossly neglected cases 
occurring prior to 1924. 

f $7 per cent of these involved one of the superior 
spaces. 

necessity occur in the late neglected cases is 
suggested by the fact that in the patients 
in which it was demonstrated, and who 
were operated upon for their original 
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pathological condition at the same hospital 
entry at which the abscess was drained, the 
elapsed time from the inciting cause to the 
drainage of the abscess (twenty-nine days) 
was essentially the same as in those in 
which there had been no demonstrable 
evidence of anj^ pleural effusion (thirty 
days). These intervals in this series of cases 
between the time of contamination of the 
subphrenic region and the institution of 
drainage have remained disturbingly con- 
stant over the years and are distressingly 
long, for the}'^ reflect delay and difficulties 
in diagnosis rather than the actual time 
that it takes for such an abscess to become 
established. 

The practice of thoracentesis in a case in 
which pleural effusion is suspected by 
clinical examination or x-ray studies is an 
altogether justifiable procedure to differ- 
entiate between an empyema and a simple 
effusion. If this procedure is adopted, spe- 
cial care should be exercised to avoid 
penetrating the diaphragm in a further 
search for an abscess beneath that struc- 
ture, for if such is encountered and the 
then contaminated needle be withdrawn 
through an uninvolved serous cavity, the 
added complication of empyema or peri- 
tonitis will frequently result. Preoperative 
exploratory^ aspiration of the subphrenic 
spaces for this reason is never justifiable, 
but if employed in the face of this objection 
it contributes information only if pus is 
actually secured, for it cannot be assumed 
because of a failure to obtain pus that no 
abscess is present. It is of some suggestive 
interest that the mortality'- rate (66 per 
cent) was approximately' twice as great in 
the twelve cases in which it was practiced 
preoperatively as it was both in the cases 
in which it was not adopted (33 per cent) 
and in those in which aspiration was done 
with relative safety' under direct vision at 
the time of operation (36 per cent). From a 
study of the records, it is seen that this 
difference in mortality was in part due to 
the complications attendent on such ill 
advised, blind explorations, but it is only 
fair to add that nearly three-quarters (70 


per cent) of the cases with an associated 
empyema present at the time the sub- 
phrenic abscess was drained occurred prior 
to 1924, and that seven of such empy'emas 
were due to neglect with rupture of the 
subphrenic abscess through the diaphragm 
rather than as a result of thoracentesis. 


Table 

INFLUENCE OF ETIOLOGY ON SPACES IN\^OL^^D 
IN SUBPHRENIC ABSCESS* 



Num- 
ber of 
Spaces 
In- 

volvedt 


Spaces Involved 


Etiofogic Factor 

Rt, 

Post. 

Sup, 

Rt. 

Ant. 

Sup 

Rt. 

Inf. 

Lt. 

Sup. 

Lt. 

Ant. 

Inf. 

Retro- 

pcr. 




Per Cent 



Appendix as original 
infection 

54 

46 

17 

20 

4 

3 

10 

Stomach and duo* 
denum 

39 

26 

36 

IS 

9 

14 

0 

Liver and bile pas- 
sages 

29 

24 

48 

18 

3 

7 

0 

All other causes 

32 

40 

16 

19 

21 

0 

4 


* A total of 154 spaces ncre involved in the 124 cases. There 
was but one case recorded as a "subphrenic abscess" involving 
the left posterior inferior space. 

t Twenty-seven cases had abscesses in more than a single space. 

In certain instances, all clinical diagnos- 
tic measures may fail to clarify in the sur- 
geon’s mind which of the subphrenic spaces 
is involved, and when such is the case, it is 
important to appreciate the fact that the 
original cause for the abdominal infection 
will materially' influence the site at which 
the abscess is most frequently found, 
(Table v.) Thus when appendiceal peritoni- 
tis was the primary' pathology, the sub- 
diaphragmatic abscess involved the right 
posterior superior or right inferior space in 
tivo-thirds (66 per cent) of the instances; 
while with the liver and bile passages as a 
source, approximately' one-half (48 per 
cent) of the secondary' abscesses became 
established in the right anterior superior 
space rather than the more dependent but 
usually drained right inferior space. The 
central position in the upper abdomen of 
the antrum of the stomach and duodenum 
undoubtedly explains not only the ap- 
proximate uniformity with which the 
different spaces were involved but also the 
relative high incidence (23 per cent) of 



New Series Vol. LIV, No. 


Faxon Subphrenic Abscess American Joumal of Smgery 


I2I 


left-sided abscesses following gastric sur- 
gery or the perforation of an ulcer. 

The right posterior superior space was 
the most frequent site of a subphrenic 
abscess (36 per cent) with the right ante- 
rior superior (27 per cent) and right inferior 
(18 per cent) next in relative importance. 
(Table vi.) In over one-fifth (22 per cent) 
of the patients, more than one space con- 
tained pus, either because of direct exten- 
sion from one space to the adjacent one, or 
because of implantation of infection in 
more -than one 'area at the time of the 
original spread of sepsis. 


Table vi 

INCIDENCE OF SPACES IN'A’OLVED IN SUBPHRENIC -ABSCESS* 


Space 

Cases 

Per 

Cent 

Right posterior superior 

55 

36 

Right anterior superior 

42 

27 

Right inferior 

28 

18 

Left superior 


9 

Left anterior inferior 

9 

6 

Left posterior inferior 

1 

I 

Retroperitoneal 

4 

3 


* A total of 154 spaces Nvere involved in the 124 cases. 


The right subphrenic spaces were in- 
volved more than five times as frequently 
(84 per cent) as those on the left (16 per 
cent), and because of the consistently* lower 
incidence of left-sided involvement found 
in this series of cases as well as those 
reported in the literature,® there has been a 
tendency to minimize the importance of 
abscesses on this side. This tendency is 
especially unfortunate inasmuch as the 
anatomic subdivisions of the left sub- 
phrenic region are less sharply demarcated 
and are more difficult to approach without 
untoward contamination of uninvolved 
areas than on the right. The fact that the 
mortality in the twenty-two cases with left- 
sided lesions in this series (50 per cent) was 
one and one-half times as great as for those 
occurring on the right side alone (34 per 
cent) lends weight to the importance of 
careful consideration in the treatment of 
this smaller segregated group. 


TREATMENT 

In an attempt to satisfy* the requisites of 
ideal treatment by’^ prompt, effective, safe 
drainage, three general types of operation 
have been evolved. Each stresses with 
different emphasis the factors mentioned, 
and only* by* comparison of the theoretical 
advantages and actual results of each can 
their relative merits be determined. 

The transperitoneal type of approach 
gains access to the infection by^ traversing 
the upper portion of the peritoneal cavity* 
and entering directly^ into the abscess cav- 
ity^ Although it does not necessitate the 
delay*^ of a two-stage procedure and usually 
gives direct and dependent drainage, the 
contamination of the general abdominal 
cavity’^ that frequently'^ results is so obvi- 
ously'’ prejudicial to the successful outcome 
of the case that no further word of con- 
demnation of this method when it can be 
avoided is required. It is true that infection 
in both the left inferior spaces can be 
drained only by some such type of ap- 
proach, but it is to be hoped that in such 
cases adhesions will have formed between 
the inflammatory'’ area and the anterior 
abdominal wall that will permit access to 
the pus without contamination of the unin- 
volved portion of the peritoneum. In this 
series, most of the twenty'-five cases that 
were drained transperitoneally' were found 
either in the first half of the study when the 
advantages of other methods were less fully' 
appreciated (ten cases), or else subsequent 
to those earlier y'ears in patients with their 
infection to the left of the midline (seven 
cases). 

The main difference of opinion as to the 
logical approach in the drainage of a sub- 
phrenic abscess centers about whether a 
transpleural or retroperitoneal ty'pe of 
operation should be adopted. The trans- 
pleural operation is carried out by' resection 
of that portion of the ninth, tenth or 
eleventh rib that is immediately' over the 
lower portion of the suspected abscess. 
When the underh'ing pleural cavity' has 
been exposed, it may' be safely traversed if 
it has become obliterated at this point by 
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an inflammatorj^ reaction and the abscess 
entered by incising the diaphragm. It can- 
not be assumed, however, that such ob- 
literation will necessarily take place as a 
secondary manifestation of the infection of 
the subdiaphragmatic region; and if doubt 
exists at the time of operation as to whether 
the exposed angle of the pleural cavity 
is obliterated, the transpleural operation 
should be carried out as a two-stage proce- 
dure. The first stage consists of the removal 
of a portion of the appropriate rib, the 
suturing of the pleura to the diaphragm 
about the edges of the wound and the 
insertion of a pack into the area. At the 
second stage, two to seven days following 
the first, the pack is removed, and the 
further incision into the abscess cavity 
carried out. Although less than one-third 
(30 per cent) of the forty-three cases of 
transpleural drainage of this series were 
done as a two-stage procedure, there is now 
general unanimity of opinion that the 
operation carries a lower mortality when 
done in two stages than as a single opera- 
tion. A recognition of this fact has been 
marked by over a sevenfold increase in the 
use of the two-stage operation in cases 
drained by this type of approach during the 
last twenty years (44 per cent) as compared 
with the preceding period (6 per cent). 

The chief argument advanced for the 
transpleural type of procedure is that it 
utilizes the most direct route to the im- 
prisoned pus. It is contended that the 
interval between the stages, when done as a 
two-stage operation, is relatively unimpor- 
tant if the diagnosis has been promptly 
made ; but obviously in many instances the 
diagnosis has been long deferred and in 
these it is essential that the pus should be 
evacuated with the least possible delay 
once surgerj' has been adopted. 

If the preoperative localization of the 
abscess has been incorrect, such an ap- 
proach is ill suited for further exploration; 
and when a combination of spaces is in- 
volved, such an incision cannot drain 
effectively more than a limited portion of 
the infection present. 


The chief danger in the transpleural 
approach, however, lies in the possibility, 
which will be discussed in greater detail 
later, of inadvertentlj’^ contaminating an 
uninvolved pleural cavity and thus initiat- 
ing an empyema. 

The retroperitoneal, or extraserous t3'pe 
of operation, when done for drainage of the 
commonl}”^ involved right posterior or right 
inferior spaces, is carried out through a 
skin incision overljnng the twelfth rib. It is 
important that preoperative roentgeno- 
grams should be studied to ascertain the 
length and position of this rib; for if it be a 
rudimentarj' structure, as was true in one 
case in this series, the eleventh maj^ be 
mistaken for the t%velfth rib and thus result 
in a false orientation by the surgeon in his 
approach to the region. The twelfth rib is 
removed subperiosteallj' in its entirety, and 
further dissection is then carried out in a 
horizontal direction at the level of the first 
lumbar vertebra, rather than along the bed 
of the resected rib. (Figs. 4 and 5.) The 
importance of the location of this deeper 
dissection lies in the fact that, as Melni- 
koff'® has shoum in a stud}' of cadavers, the 
pleura on the right extends to below the 
twelfth rib in nearly two-thirds (62 per 
cent) of all cases but is never found as low 
as the level of the first lumbar vertebra, so 
that a properly placed incision at this low'er 
level will always avoid inadvertent con- 
tamination of the pleural cavity. With 
division of the lower fibers of the dia- 
phragm, the retroperitoneal area above the 
kidney is entered, and by blunt dissection 
the peritoneum is readily stripped from the 
under portion of the diaphragm up to the 
point where it no longer separates easily 
because of the Inflammatory reaction occa- 
sioned by the infection. It is here that the 
peritoneum is broken through and the 
abscess cavity entered directly. When 
either the lateral aspect of the right ante- 
rior or the right inferior space is involved, 
the initial surgical approach is the same but 
the deeper exploration of the area by blunt 
dissection is carried out more anteriorly in 
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the former instance and below the liver 
edge superior to the kidney in the latter. 

If either the right anterior superior or the 
left superior spaces are involved, an inci- 
sion is made parallel to and just below the 
anterior costal margin. (Fig. 6.) This 
extends down to but not through the 
peritoneum which is then dissected free 
from the undersurface of the diaphragm in 
a manner similar to that already described 
for the posterior approach. It is important 
in securing the proper line of cleavage for 
this dissection that the posterior layer of 
the rectus sheath and the transversalis 
fascia directly overlying the peritoneum 
both be incised lest the separation of 
the peritoneum from the diaphragm be 
thwarted by the attachment of these 
fascial layers. 

The advantages of the retroperitoneal 
type of approach lie in the fact that the 
operation is a single-stage procedure, thus 
avoiding any unnecessary delay in evacuat- 
ing the pus once the diagnosis has been 
made. Furthermore, entrance into the 
abscess ca^•ity is efl'ected at its most de- 
pendent portion, which is of more funda- 
mental importance in the effectiveness of 
the resulting drainage than the directness 
of the route by which the infection is 
attacked. 

The greatest advantage of the retroperi- 
toneal approach, however, lies in the fact 
that it carries a lower risk of contaminating 
uninvolved serous cavities than either of 
the types already discussed. In the fifty-six 
instances in which the extraserous opera- 
tion was employed, the pleural cavity was 
inadvertently exposed to contamination in 
less than one-tenth (7 per cent) of the 
cases. When such contamination did occur, 
it was either because of faulty technic in 
the removal of the rib from its enveloping 
periosteum, or in the unfortunate choice of 
the bed of the rib rather than the level of 
the first lumbar vertebra as a site for the 
deeper dissection. This is in contrast to 
similar encroachment on the pleural cavity 
in over one-third (35 per cent) of the trans- 
pleural operations, regardless of whether 


they were done in one or two stages. No 
instance of contamination of the pleural 
cavity at the time of operation took place 
in the transperitoneal type of operation, 
but this procedure carried a prohibitively 
high incidence of peritoneal soiling (80 per 
cent). (Table vii.) 


Table vn 

INCIDENCE OF CONTAMIN.ATION OF UNINVOLVED SEROUS 
C.\V1TIES ACCORDING TO TYPE OF OPER.\TION 


Site of Contamination 

Trans- 
1 peri- 
toneal 
Per 
Cent 

j Trans- 
pleural 
Per 
Cent 

1 

Retro- 

peri- 

toneal 

Per 

Cent 

Both pleural and peritoneal 
cavities. 

0 


0 

Pleiirnl rnvitv nlnne 

0 i 

0 


Peritoneal cavitv alone 

80 


Neither cavitv 

20 

63 

91 



That this repeated emphasis on the 
importance of avoiding contamination of 
an uninvolved serous cavity is of para- 
mount importance is brought out by the 
fact that the mortality was over two and 
one-half times as high in cases in which it 
occurred (63 per cent) as in those in which 
it was avoided (24 per cent). (Table viii.) 

Table viii 

EFFECT OF CONTAMINATION OF UNINTOLVED SEROUS 
C-AVITIES AT TI.ME OF DIUAIN.AGE OPERATION ON 


MORTALITY RATE 


j .Mor- 

i 

Site of Contamination * 

„ talitv 

Cases! 


J Cent 

Both pleural and peritoneal cavities. . . . 

I 100 

Pleural cavitv alone 

19 63 

Peritoneal cavitv alone 

21 62 

Neither ca%Ttv 

S3 24 


The valid objection might be raised that 
certain factors modify the accuracy of these 
arbitrary figures concerning contamination 
of uninvolved serous cavities. One such 
factor lies in the interpretation of the fre- 
quently employed term “contamination,” 
for it was often difficult from the records to 
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decide whether a serous cavitj' which had 
been inadvertentl}’ opened and promptly 
closed had, in fact, been subjected to any 
contamination by the infectious process the 
operation primarily sought. 

A second source of potential error is 
found in the tabulation of those nine cases 
in which more than one type of operation 
was carried out because of involvement of 
multiple spaces that could not be ap- 
proached surgically through a single inci- 
sion. To permit a relative comparison 
between the incidence of contamination 
with each type of operation, cver3’ case was 
classified under a single operative heading 
which departed from the original surgical 
approach onlj' if this had been directed 
toward draining a space that proved sub- 
sequently' to be of lesser importance than 
that presented bj' a second abscess, or if it 
had been unsuccessful in reaching the 
abscess cavity'. In this latter connection it 
appears that the medial portion of the right 
anterior superior and left superior spaces 
that lie posterior to the convex surface of 
the liver are probably best approached by' 
the transpleural operation, for in four such 
cases in which the retroperitoneal operation 
was adopted, it proved ineffective and was 
followed by satisfactory drainage from 
above the diaphragm. 

Subsequent to 1917, when an affiliated 
convalescent home which made possible the 
early transfer of postoperative patients was 
discontinued, the average hospital stay for 
the surviving cases following drainage of a 
subphrenic abscess by the retroperitoneal 
route was forty-two days as compared with 
fifty-seven days for those in which the 
transpleural operation was adopted. There 
has been a definite trend in the more recent 
years of this series with both the retroperi- 
toneal and transpleural type of operation 
toward a decrease in the stated average 
periods of hospitalization following drain- 
age, and it is to be hoped that with early 
diagnosis and adequate surgery, the patient 
should have sufficiently recovered to permit 
him to be discharged from the hospital 
within three weeks following operation. 


In comparing the different types of pro- 
cedures, the role of anesthesia has applied 
uniformly regardless of the operation 
adopted. There has been in all cases an 
increasing trend from a general anesthetic 
to a greater use of local novocaine infiltra- 
tion for at least the initial stages of each of 
the operations. 

In each of the procedures, two or three 
cigarette wicks together with the occasional 
use of a piece of soft rubber tubing were 
inserted to maintain adequate drainage 
until the process had completely subsided. 

There has been too small a number of 
cases (four) to draw any' conclusions as 
to the efficacy of chemotherapy' as an 
adjunct to surgery, but experience in deal- 
ing with the somewhat analogous situation 
found in appendiceal abscesses would lead 
one to suppose that the use of the sul- 
phonamides might play' an important part 
in the future in lowering the mortality' 
of cases with collections of pus in the 
subphrenic region. 

MORTALITY RATE 

It is difficult to evaluate the relative 
merits of the different procedures in terms 
of their respective mortality' rates, for 
in many' instances the fatality' was due 
primarily to the original pathology' and 
death would probably have ensued even 
if no subphrenic abscess had developed. To 
segregate such patients, however, in an 
attempt to arrive at a corrected mortality 
rate would introduce too great an element 
of fallible evaluation to make the resulting 
figures reliable. In certain additional cases, 
complications other than those already 
discussed as having a peculiarly close rela- 
tionship to the subphrenic abscess have 
played an important part in the ultimate 
outcome of the case, but here again a 
weighting of the figures would seem to be 
more misleading than corrective. For these 
reasons, all deaths in this series are in- 
cluded in computing the mortality rates 
of the different ty'pes of drainage of sub- 
phrenic abscesses, as it was believed that 
in a series of cases of this size, these ex- 
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traneous factors would tend to occur so 
relatively uniformly within the three groups 
that they would exert a comparable effect 
on each. Certainly it is true that in almost 
all the fatalities the presence of a sub- 
phrenic abscess in an already depleted 
patient was the deciding factor in the 
untoward outcome of the case. 

Ochsner^ has shown that the mortality 
rate can be reduced to below 20 per cent, 
and the figure of 24 per cent for the two- 
thirds (67 per cent) of the cases in this 
series in which no contamination of a 
serous cavity took place is further evidence 
that regardless of other considerations, 
with proper surgical treatment, not over 
one out of four patients who develop a 
subphrenic abscess should die. The mor- 
tality of 37.1 per cent for this entire series 
is unduly high because of the difficulties 
in diagnosis and surgical management of 
these patients in the period from igoo to 
1920, and the unfortunate number of 
instances in which contamination of unin- 
volved areas has continued to take place 
since that time. 

A growing conviction borne out by avail- 
able statistics that in all save exceptional 
instances the retroperitoneal type of ap- 
proach provides the safest method of 
draining a subphrenic abscess has led to 
an almost unbroken Increase in the fre- 
quency with which this method has been 
employed in these cases. (Chart 1). The 
conclusion that the consistent improve- 
ment in the mortality rate can be attributed 
solely to this factor is, of course, unjusti- 
fied, for the better understanding of post- 
operative care during more recent years 
might be cited as but one of a number of 
additional factom that have tended to 
decrease the death rate. The fact remains, 
howex'cr, that the greater avoidance of a 
spread of infection with the extraserous 
approach is the chief reason for the smaller 
proportion of fatalities during the more 
recent years. 

Even at the hospital from which these 
figures and beliefs have emanated, there 
still exists some difference of opinion as to 


the wisdom of accepting the retroperitoneal 
type of approach in all cases in which it 
might be employed. During the past six 



Chart 1. Showing the increasing incidence in the 
use of the retroperitoneal type of operation and 
the decreasing mortnIit3- rate over the period 
studied. 

years, there were over one-third (35 per 
cent) of the cases of this series that were 
treated by some other form of operation, 
and it remains to be seen whether with 
further time and added evidence the extra- 
serous procedure will completeh' supplant 
the transpleural and transperitoneal types 
of drainage in all save the small groups of 
cases already referred to for which it does 
not seem applicable. 

SUM.^^.A.RY AND CONCLUSION 

The statistical data compiled from 124 
consecutive cases of subphrenic abscess 
operated upon at the Massachusetts Gen- 
eral Hospital from 1900 to 1941 are pre- 
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M'ntccl to illustrate the salient features of 
(lia;2;iu»sis aiu! treatment of tins eoiulition, 
I’rom these ilata the foKowinj' eonelusions 
can he rlrawtj: 

1. At least one-lifth of all eases with 
‘Vuhphrenic iniiannnation” suhsided with- 
out suppuration. 

2. Surpiea! drainage is indie.ited as the 
accepted treatment for a sid)phrenie ab- 
scess, 

3. A thorough knouiedge of tlie location 
and anatomic boundaries of the siv s{)aces 
into whicli tiie subdiaphr.igmatic .area is 
divided is essential f<jr prompt di.agnosis 
and early intelligently j)lanned surgic.d 
drainage of a subplirenic abscess. 

•t. Inadvertent cont.indnation (»f an un- 
involved serous cavity during the drainage 
of a subphrenic abscess more than doubles 
the mortality rate. 

5. The retroperitoneal type of appro.tch 
may be cfi'ectively employed in the drain- 
age of over four-fifths of all subphrenic 
absce.s'sc.s. It is the h;gicvd surgical ap- 
proach to most cases of subphrenic abscess 
as it is attended with the lowest incidence 
of contamination of uninvoivcd serous 
cavities and carries xvith it a lower mor- 
tality rate than the other two types of 
operation. 

6. Although the posteromedial portions 
of both the right anterior superior and left 


superior sp.ices c.in be reached by the 
retrojjeritoneal type of approach, the trans- 
pleiir.'d type of operation would seem more 
desirable in the drainage of these areas. 

“. I he trauspcritoneal type of ojjcration, 
due to anatotnic considerations, is the only 
one available for the drainage of the left 
inferior spaces. It should tug be employed 
as a surgical approach to any of the other 
sp.ices, 
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TUMORS OF THE THORACIC CAGE 


Robert M. Janes, m.d. 

TORONTO, CANADA 


T umors of the chest ^vaII may be 
divided into two broad groups: those 
affecting the soft tissues (exclusive 
of tumors of the breast) and those arising 
from the bony and cartilaginous frame- 
work. The former include all those affecting 
similar tissues elsewhere; the latter those 
affecting other bony and cartilaginous 
structures. In addition it should be re- 
membered that growths originating within 
the chest may give rise occasionally to 
outward swellings either by extension 
into the wall or by expanding the wall in 
the region of the growth. A young woman 
who came under my care some years ago 
with what proved to be a lymphosarcoma 
of the mediastinum had an obvious bulging 
of the sternum which receded with radio- 
therapy, without any actual invasion of 
the tissues of the wall. In addition to these 
primary neoplasms it is necessary to con- 
sider in differential diagnosis the metastatic 
lesions which so frequently involve the 
ribs and sternum, as well as inflam- 
matorv swellino-s which mav simulate new 

%/ W V 

growths. 

Sojl Tissues. The various tumors of 
the skin found elsewhere occur on the 
chest. They include papillomas, occasional 
basal cell and epidermoid carcinomas, 
benign and malignant melanomas. The 
problems of diagnosis and treatment pre- 
sent no unusual features and need not 
be considered here. 

Lipomas occur fairly frequently and in 
general resemble other fatty tumors. The 
need for removal of these will depend 
chiefly upon their location and size but 
occasionally, in the case of neurolipomas, 
upon pain and tenderness. They sometimes 
attain a great size. A lipoma arising deeply 
in the intercostal space may take on a 
dumbbell or collar button form, part of the 
growth lying superficial and part deep 


to the ribs. It is obvious that removal 
of such tumors presents a special problem. 
Fibromas and fibrosarcomas occur rather 
infrequently. If the lesion is really a 
fibroma a ver3>^ simple local removal is, 
of course, all that is necessar3^ The border- 
line t3-pe of growth in which there ma3f be 
difficult3’^ in arriving at a certain diagnosis 
of benignanc3' or malignanc3’ ma3'^ present 
a real problem as illustrated b3" the follow- 
ing two case histories : 

I. Miss V. Z. No. 093799, was admitted to 
the hospital on September 17, 1934. with the 
histor3* that fifteen months previousl}’' she had 
noticed a lump on the right chest near the inner 
border of the breast at about the level of the 
sixth costal cartilage. Five months later when 
it had attained the size of a lemon it had been 
removed locallj". The pathological diagnosis 
was fibrosarcoma. Three months after this 
operation another lump was noticed at a 
slight^'- higher level. This had increased slowl}- 
in size. On examination there was a mass three 
inches long extending laterallj' from the ster- 
num along the cartilage of the fourth rib and 
extending over the cartilage of the fifth rib. It 
was definite^' attached to if not actually arising 
from cartilage. A-rays were negative. On 
October 6, 1934 a wide resection of the mass 
along with the cartilages of the fourth, fifth 
and sixth ribs and an attached block of soft tis- 
sues was carried out, the chest cavity being 
widelj' opened in the process. The patient 
made a good recover3". The specimen was com- 
posed of a dense mass of fibroblastic tissue 
arranged in whorls and infiltrating the adjacent 
soft tissue and cartilage. There were occasional 
mitotic figures. It was regarded as a low-grade 
fibrosarcoma. Radium packs were applied 
when healing was complete. On April 6, 1937 
she was re-admitted with a hard, oval mass 
three and one-half b\' one inch apparent^' 
fixed to the cartilage of the third rib. On April 
9, 1937 a wide resection of this mass and the 
cartilages of the second and third ribs was done. 
The pathological picture was the same as that 
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of the mass removed previously. There was no 
further evidence of recurrence until November, 

1939, at which time the patient was lost track 
of. 

2. Mr. Wm. R., No. 091437, age forty-six, 
was admitted on Jufy 1 1, 1934 with the history 
that for eight years he had had a growth on 
the chest w'all. Three years previouslj’^ it had 
been removed. One and one-half years later it 
had begun to recur in the scar and had in- 
creased slowly to the size of a walnut. Ex- 
amination revealed a linear scar four inches 
long, one inch below the left clavicle and 
parallel with it. In the center of this scar was a 
mass the size of a walnut. It was hard, 
nodular and freely movable on the deep struc- 
tures. There was no enlargement of lymph- 
nodes. A fairly wide local removal was done 
including a portion of the fascia of the pec- 
toralis major. Microscopically, the growth 
w'as a borderline tj’^pe but was regarded as a 
low'-grade fibrosarcoma. The patient was re- 
admitted in June, 1936, and stated that six- 
months after the last operation a recurrence 
had appeared again in the scar and had slowly 
increased in size. It was once more the size of 
a walnut. This time a ver}' wide removal of 
skin and underijdng pectoralis major muscle 
w-as done. The pathological picture was similar 
to the original and again gave the impression of 
very low-grade malignancjf. Two courses of 
H. V. therapi’’ were administered to the chest 
wall after the wound had healed. In October, 

1940, there had been no recurrence. 

These cases illustrate the tendency of 
this type of growth to recur after anything 
but the most complete extirpation. Thej' 
are not radiosensitive and must be treated 
surgically. The cellular, more rapidly 
growing type of fibrosarcoma is more 
likely to respond to radiation. 

Tumors of blood and tymph vessels of 
the chest wall apart from ordinary nevi 
would seem to be very rare. They present 
the usual features and if not too extensive 
should be removed. An infant that came 
under our care some years ago had an 
enormous hemotymphangiolipoma involv- 
ing most of the chest w^all and abdomen. 

It was present at birth and grew at least 
as rapidly as the child. An exploration 
done in the hope of removing it piece-meal 


show^ed that it invaded the underl3dng 
muscles and that removal was quite 
impossible. It w'as benign and the child 
w-as quite healthy although greatl}' de- 
formed by the growth, presenting the 
appearance of being bloated. 

Ribs and Cartilages. Primarj- tumors 
of ribs and cartilages are distinctlj- un- 
common. They comprise all those tumors 
of bone and cartilage that occur elsew-here 
and in general present the same charac- 
teristics and tendencies. 

Chondromas and osteochondromas 
w'ould seem to be the commonest of the 
benign lesions. The}’’ maj'- occur amwvhere 
in the course of the rib but are more 
frequent over the anterior chest w-all in 
the neighborhood of the costochondral 
junctions. The sw-eliing produced is usuallj- 
more or less fusiform in shape and painless 
unless pain be produced bj’- pressure on 
adjacent structures. They are hard, some- 
w-hat nodular and not tender. They are 
likely- to be discovered accidentally and 
are, therefore, of uncertain duration. The 
x-ray appearance presented depends upon 
whether the^- are composed exclusivelj- 
of cartilage, of cartilage w-ith calcification 
or of cartilage and bone. The pure cartilage 
growi;h ma}' not be recognizable in the 
x-raj'; the chondroma w-ith calcification 
tends to throw- a dense shadow- of a some- 
w'hat flocculated character; the one in 
w'hich bone has been formed gives a 
shadow- of var^dng density but of more 
regular arrangement than the calcifying 
chondroma. These tumors are stated to 
have a tendencj’ to undergo malignant 
changes but it is difficult to know- how- 
often this occurs. One seen recentlj- had 
been present for tw-enty years w-ith little 
change and w-as quite benign. On the other 
hand one seen just previously- had been 
present for many- years w-ithout any 
apparent change but had then commenced 
to grow- rapidly and w-hen seen w-as an 
enormous chondrosarcoma. How-e%-er fre- 
quent this tendency- may- be these tumors 
should be removed when encountered. 
Because incomplete removal is likely to 
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be followed by recurrence, even in the case 
of benign growths, they should be removed 
along with the enclosing periosteum, at- 
tached muscles and underlying pleura, 
unless the latter strips away very readily, 
since an attempt to save an adherent pleura 
is likel}- to result in the leaving behind 
of tumor cells. Thej- are not radiosensitive 
and radiotherapy has no place in their 
treatment. 

Giant cell tumors of ribs are very 
uncommon. Only eleven cases have been 
reported. They may occur anywhere in 
the course of the rib and give rise to the 
well known expansile lesion. Attention is 
attracted to them by pain and not infre- 
quently by pain that results from a 
pathological fracture. If the tumor is 
palpable it is likely to be elastic or may 
be elastic with the sensation of a yielding 
shell. The .v-ray appearances are such 
that one cannot distinguish these from 
other expansile lesions. Single myelomas 
and single metastatic deposits have to 
be considered particularly in the differ- 
ential diagnosis. A successful aspiration 
biopsy often can be obtained. Giant cell 
tumors may be treated by radiation, if 
one can be certain of their character, 
with some success. On the other hand, 
they are readily and certainly cured by 
excision and this would seem to be the 
method of choice. The excision should 
include a sufficient portion of healthy 
rib on either side along with the attached 
muscle, periosteum and the underlying 
pleura unless the latter be quite free from 
the tumor. 

The ribs are often the site of lesions of 
multiple myeloma. Two single myelomas 
of ribs have come under our care. The .v-ray 
appearance was similar to the well known 
picture of the multiple form. If thorough 
-V-ray studies of the remainder of the 
skeleton fail to show another lesion, 
removal of the apparently single lesion 
is justifiable in the faint hope that no other 
focus exists. Negative .v-rays and indeed 
negative autopsy findings in such patients 
do not exclude with certainty other minute 


foci. In the presence of single or multiple 
myelomas, the Bence-Jones test for prote- 
inuria may and may not be positive. A 
negative test is therefore of no value but a 
positive result is very useful. One of our 
patients died of pneumonia following 
operation; the other remained well for 
eighteen months at which time other lesions 
appeared. She died nine months later of 
myeloma. 

Metastatic Lesions. The ribs are in- 
volved by metastases much more fre- 
quently than by primary growths. The 
commonest source of these metastases 
is cancer of the breast but any carcinoma 
giving rise to blood-stream metastases 
majf be responsible. Since these secondary 
lesions may make themselves evident long 
before any symptoms are produced by 
the primary lesions, the recognition of 
their character is important. They may 
give rise to local pain or soreness or to pain 
that is referred along the course of one or 
more intercostal nerves or in the case of 
involvement of the upper ribs to brachial 
plexus pain. On the other hand, exten- 
sive metastatic involvement of ribs may 
be present without any directl^’^ related 
symptoms. 

If the -V-rays show multiple areas of 
involvement, the condition is likely to 
be confused only with multiple myeloma. 
I have, however, seen extensive mottling 
of the ribs in cases of general debility of 
unknown origin that resembled ver}"^ closely 
the appearance sometimes produced bj’' 
multiple metastases from breast cancer. 

The single lesions may be confused 
with giant cell tumors or single lesions of 
multiple myeloma. We have seen single 
metastases of ribs in a few small and 
apparently easily operable cancers of the 
bronchus. 

When ordinary methods of clinical 
examination have failed to disclose a 
primary cancer from which metastases 
might have arisen and the diagnosis 
therefore remains in doubt, aspiration 
biopsy will often be conclusive. The 
destruction of the cortex of the ribs has 
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been sufiicient usually to make this pro- 
cedure a simple one. It may not be possible 
from the small bit of tissue removed to be 
certain of the nature of a primary lesion, 
but it will be possible usually to recognize 
that it is a secondary cancer and thus 
save the patient from an unnecessary 
operation. 

When these metastatic lesions are pro- 
ducing pain, the use of deep .v-ray therapy 
is worthy of trial. In those arising from 
cancer of the breast relief of pain is the 
rule. Those arising from cancer of the 
bronchus are less certain to respond. 
Metastases from malignant adenoma of 
the thyroid apparently vary in their 
response, some failing to respond at ail. 
On the other hand, I have seen an enor- 
mous metastatic tumor of rib from a 
primary cancer in an adenoma of the 
thyroid disappear completely and the 
patient has now been well for several 
years. 

Ewing’s Tumors. Ewing’s tumor of 
ribs, if one may judge from the number of 
cases reported, is a rare disease. Only eight 
cases in which the diagnosis was certain 
have been reported. One further case 
was reported by me in which the diagnosis 
was not confirmed histologically. The 
patient developed metastases since that 
report and died but an autopsy unfortu- 
nately was not obtained. The ultimate 
outlook in all Ewing’s tumors, regardless 
of the location, is bad. The best hope 
would seem to be early radical removal. 
Palliation only may be expected from 
radiotherapy. 

Chondrosarcoma. Chondrosarcomas 
may be divided into two groups: those 
that are primarily malignant and arise 
in the absence of a pre-existing benign 
growth and those that represent late malig- 
nant changes in a benign chondroma. 
If one may judge from the few cases in 
this series, the primary malignancy is more 
common. One has the impression that the 
pathologist’s opinion as to the benign 
or malignant character of these tumors, if 
based on the histological picture alone, is 


unreliable. There are, of course, those 
tumors in which the picture presented is 
so definitely one of malignancy that no 
possible doubt need be entertained but 
there are many others in which the clinical 
course, .v-ray appearance and histological 
characters must all be taken into account 
if a reasonably accurate opinion is to be 
formed. From the clinical aspect, the 
strongest suggestion of malignancy comes 
from a rapid increase in size. The simple 
chondromas have usually shown no definite 
increase in size from the time that the}’ 
were discovered accidentally and may have 
been known to exist for a very long period 
without appreciable change. In the small 
scries that has come under my obsen^ation 
there have been three quite different .v-ray 
appearances: (i) a circumscribed shadow 
barely visible on the .v-ray films, (2) a 
circumscribed dense shadow of more or 
less flocculent character and (3) an exten- 
sive destruction of rib such as might be 
found in any destructive malignant growth. 
The first two differ in no way, as far as I 
can determine, from the picture of benign 
cartilage growths; the third leaves no 
doubt as to the malignant nature of the 
lesion. 

Early radical excision of chondrosar- 
comas of a circumscribed character should 
offer a reasonable prognosis. They must 
be removed along with adjacent muscles 
and usually, if not always, the underlying 
pleura. In the rapidly growing ones such 
as Case xiv, no form of treatment offers 
any hope. Radiation is not effective and 
its use before surgical inters’ention merely 
renders the surgical procedure more diffi- 
cult and more hazardous because of the 
likelihood of the wound breaking down 
if it has been made through intensively 
radiated tissues. 

Osteogenic Sarcoma. Osteogenic sar- 
coma of ribs has been reported very 
rarely and only one occurred in this series. 
The reported cases suggest that the 
condition shows a predilection for the 
posterior portions of the ribs. The patient’s 
attention may be directed to the groirth 
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by the accidental discovery of a swelling 
or pain. The -v-ra}" appearance is that 
of a destructive lesion with varying 
amounts of new bone formation. The 
picture presented by those showing con- 
siderable amounts of new bone formation 
differs somewhat, I think, from that of 
the calcifying chondroma or chondro- 
sarcoma, although they probably cannot 
be differentiated with certainty either from 
these or some metastatic lesions of the ribs. 
Final diagnosis must be made always 
by biopsy. 

In the absence of definite deterioration 
of general health and evidence of metas- 
tases these lesions should be treated by 
radical surgical removal. Treatment with 
radiation either as a therapeutic test, in 
the absence of a definite diagnosis, or 
in the hope of control when a diagnosis 
has been established by biopsy, is not in 
my opinion justifiable if the condition 
appears to be still localized and capable 
of surgical removal, 

CASE REPORTS 

Case i. Giant Cell Tumor. A man, forty- 
nine years old, had complained of pain along 
the right costal margin for ten months. Clinical 
examination of the chest was negative, but 
the screen revealed a tumor of the seventh rib 
in the postaxillary line. There was no deteriora- 
tion in general health. A'-ray examination 
showed a fusiform enlargement and area of 
destruction of the seventh rib about three 
inches in length. The hemoglobin was 83 per 
cent, white blood count io,Soo, and Bence- 
Jones protein test, negative. At operation 
September 19, 1936, the seventh rib, along with 
the adjacent intercostal muscles and under- 
lying pleura, were removed from the vertebra 
to the anterior axillary line. Recovery was 
uneventful. In the gross the specimen con- 
sisted of a soft grayish-red mass, expanding 
and largely destroying the rib over an area 
8.5 cm. long. The cut surface was vascular and 
dark red brown. The central part appeared to 
be broken down and was enclosed by a shell of 
a maximum thickness of 2 mm., the outer part 
of which consisted of periosteum with a very 
thin incomplete layer of bone beneath it. 
-Microscopically, the wall of the cystic space 


was seen to be formed in large part by fibro- 
blastic tissue, which suggested an inflammatory 
lesion. Other areas presented what seemed to 
be definite evidence of tumor formation with 
here and there a few giant cells. Under the 
thickened periosteum was a thin layer of new 
bone. A diagnosis of giant cell tumor was made. 
(Fig. I.) 

The patient died in February, 1939, and 
though no autopsj' could be obtained it was 
presumed that the cause of death was broncho- 
genic carcinoma. 

Case ii. Myeloma. A woman, sixty-three 
years old, had consulted her physician fre- 
quently during the previous six to seven years 
because of pain in the region of the right 
shoulder. It was considered, apparently with- 
out any real evidence, to be due to a mild 
pleurisy". In the past j’^ear she had had a per- 
sistent, nonproductive cough and, for six 
months, had noted an increasing pallor. JV^-ray 
examination of the chest, made six weeks be- 
fore admission, showed an expansile tumor of 
the second rib just lateral to the cartilage but 
with no change in the underlying lung or 
pleura. Clinically, she was well nourished, 
somewhat pale, but presented no abnormality 
apart from a marked sclerosis of the peripheral 
vessels and a slight thickening below the left 
clavicle. This swelling appeared to pulsate. 
A-ray films of most of the remainder of the 
skeleton showed no other areas of destruction. 
No other primary tumor from which a meta- 
statis might have arisen could be found. The 
hemoglobin was 75 per cent, white blood 
count, 5,200 and the differential smear was not 
abnormal. The Bence-Jones protein test was 
negative. At operation on June 17, 1930, the 
soft tissues of the anterior chest wall were 
turned upward and mesially from an axillary 
Incision. The tumor and the adjoining rib and 
cartilage, the attached intercostal muscles, 
and the underlying pleura were removed en 
masse. The growth extended from the middle 
of the second costal cartilage to midaxilla, 
following the line of the second rib. (Fig. 2.) 
Recovery was uneventful. 

The gross specimen consisted of a fusiform 
mass 8 by 4.5 by 2 cm. It was soft, dark red, 
and appeared to be a mass of hemorrhagic 
material enclosed by a fibrous capsule. Micro- 
scopic examination disclosed a very cellular 
tumor, the cells of which varied greatly in size 
and shape, some being small and round, others 
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long and spheroidal. Manj^ of the smaller ceils soft tissue. At operation, Januarj’ 15, 1932, 
possessed dark-staining eccentric nuclei and the adjacent portions of the fifth and seventh 
were somewhat similar to plasma cells. The ribs were first resected and the tumor then re- 



Fig, I. Case 1. A giant cell tumor of Fig. 2. Case n. A single myeloma 
the seventh rib. of the second rib. 


larger cells presented considerable variation moved along with the whole of the intercostal 
in the amount and distribution of nuclear con- bundle on either side and the underfying 
tent. It was regarded as a single mj^eloma. pleura. The diaphragm was used to close the 
The patient remained quite well until defect. He died of pneumonia on the third 
December, 1931, (eighteen months) when an postoperative da}'. No autops3'' was obtained, 
aching pain developed in the left jaw and. Case iv. Chondroma. A man, thirty years 
shortly aftenvard, swelling. In January, 1932, old, was found to have a tumor of the right 
she noticed pain above the right knee. A-ray chest wall in the course of routine e-vaminations 
films made in February, 1932, showed the of the chests of a group of factory employees, 
typical expansile lesion of myeloma in both There were no associated symptoms. The right 
these bones. A spontaneous fracture of the upper chest was definite!}' fiat, and the retrac- 
femur occurred. She died nine months later, tion involved especially the third rib and car- 
Unfortunately the Bence-Jones test was not tilage. There was a hard, slightly irregular, 
repeated. fusiform swelling of this rib just beneath the 

Case hi. Myeloma. A man, sixty-one years a.vifiary border of the pectoralis major. A-ray 
old, had had a fracture of the eighth rib on the e.xamination revealed a tumor of the third rib 
right side three years previously. A-ray pic- about three inches in diameter which extended 
tures made at that time showed a fracture of laterally from the costochondral junction, 
the eighth rib and a normal sixth rib. There (Fig. 3.) It had an irregular mottled appear- 
had been pain in that region from time to time ance. At operation November 2, 1938, an 
since the injury, and he had been treated by incision was made along the pectoral border 
adhesive strapping. For six months the pain and extended medially toward the sternum. 
had been more severe, and one week before The pectoralis major was divided below and 
admission he had noticed a lump. Examination reflected upward and inward. The tumor with 
revealed a mass about 5 by 9 cm. along the about one inch of rib lateral to it, a similar 
sixth rib in the right axilla. It was elastic to length of cartilage medial to it, a small portion 
touch, and there was an impulse on coughing, of attached muscles, and the underlying pleura 
A'’-ray e.vamination showed no other bony ab- were removed. There was only one small band- 
normality. The Bence-Jones test was not done, like adhesion to the underlying \-iscerai pleura, 
X-ray of the chest showed an area of destruc- despite the fact that the mass had formed a 
tion of the six-th rib, beginning about 2 cm. definite depression in the lung. The second 
lateral to the costochondral junction and and fourth ribs and cartilages were separated 
e.xtending along the rib for about 9 cm. The more than usual because of the tumor, and it 
appearance presented was thought to be that seemed that a considerable defect in the chest 
of an e.xpansile tumor which had ruptured wall would result unless some sort of plastic 
through the cortex and now lay partly in the repair could be accomplished. The fourth rib 
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and cartilage were split with a motor saw from 
near the sternum to bej’ond the point of divi- 
sion of the third rib laterally, leaving the re- 
maining portions of intercostal muscles and 
periosteum attached to it. The upper half was 
divided medialh% carried up and fastened with 
a single chromic catgut suture into a seat 
prepared by removing, subperichondrially, 
the small remaining portion of the cartilage of 
the third rib. In doing this, a greenstick frac- 
ture was produced at the outer end. The fascia 
and a thin sheet of muscle were dissected from 
the pectoralis major muscle and carried beneath 
the graft to provide a smooth surface between 
it and the underlying lung. The remaining 
portion of the pectoralis major was sutured 
securel}' into position with chromic catgut, and 
fmalh', the subcutaneous tissues and skin were 
closed. Convalescence was somewhat storm}* 
because of the occurrence of a massive pleural 
effusion and pulmonary collapse. The patient 
is now well and has a chest wall of normal 
stability. 

In the gross the tumor was a hard mass 
of bone and cartilage 11.8 by 7 by 5 cm. 
Microscopically, it was seen to be made up 
of large islands of cartilage cells lying in clear 
spaces surrounded by blue-staining matrix. 
.Many areas had undergone calcification, but 
true bone formation was not seen. Cyst-like 
spaces lined by cartilage cells were distributed 
irregularly throughout the tumor. The surface 
was covered by a layer of dense fibrous connec- 
tive tissue. It was regarded as chondroma with 
calcareous degeneration. 

Case v. Osteocboi^droma. A man, forty 
years of age, had complained of a continuous 
dull ache or pain in the left chest since the 
spring of 1916. A lump was noticed in the 
summer of 1917 over the lower left chest. It 
had enlarged slowly. There was a rounded 
swelling extending posteriorly from the costo- 
chondral junction of the ninth and tenth ribs 
and projecting about one inch from the level 
of the chest wall. A-ray examination showed 
a bony tumor, markedly irregular in outline 
and appearing to encroach upon the abdominal 
cavity through the diaphragm. At operation 
on August 16, 1918, the gro^^’th was found 
to be arising from the ninth rib in the region 
of the costochondral junction. It was removed 
along with the neighboring portions of rib 
and cartilage and the adjacent soft tissue and 
pleura. The diaphragm was found to have been 


displaced but not perforated. Recovery was 
uneventful. In the gross, the specimen consisted 
of a mass of cartilage and bone the size of an 



Fig. 3. Case ir. A chondroma of the third rib. 


orange. Histologically, it was a benign osteo- 
chondroma. The patient is still alive and 
well. 

Case vi. Osteochondroma. At the age of 
twelve to thirteen years the patient had a 
definite injury to her right chest wall. Some 
time later a lump was noticed in the region 
of the injury and three to four years after this 
the lump was removed. It proved to be an 
osteochondroma. The lump recurred and in 
1921, at the age of twenty-four years, she 
presented herself with an elastic, nodular 
tumor the size of half an orange, fi.xed to the 
right anterior chest wall near the sternum. 
There were no associated symptoms. On 
November 27, 1929 the recurrent tumor was 
removed, this time along with the adjacent 
portions of the chest wall and the margin 
of the sternum. It was again an osteochondroma 
composed almost entirely of cartilage. There 
has been no recurrence. 

This case illustrates the tendency of these 
tumors to recur following incomplete removal. 

Case vii. Osteocbondro 77 xa. A man, fifty-one 
years of age, first noticed a swelling in the 
region of the inner end of the left first rib about 
six months previously. He had taken a plaster 
mould of it and had satisfied himself that it 
had enlarged during the past few months. 
Movement of the arm produced some soreness 



134 American Journal of Surgery Jancs — ^Tumors of TKoracic Cage 


October, 1941 


in the region of the swelling and a pain which 
was referred to the shoulder area. Examination 
revealed a hard mass apparently bony, involv- 



Fig. 4. Case vii. Illustrating the anatomical relation 
of the tumor. 


ing the inner end of the left first rib and 
cartilage, extending to the sternum and either 
involving or incorporating the inner end of the 
clavicle so that it was impossible to be certain 
whether or not the clavicle could be moved 
apart from it. X-ray showed what appeared to 
be a bony tumor apparently originating in the 
region of the costochondral junction of the 
first rib. There was no apparent involvement of 
clavicle or sternum. 

Operation demonstrated the fact that re- 
moval of a tumor from this particular region 
involved some special hazards and dangers. 
A wide U of skin and subcutaneous tissue was 
turned from the chest wall well upon the base 
of the neck. The pectoralis major and platysma 
muscles were divided from the clavicle, leaving 
sufficient muscle attached that they might 
be sutured back into position. The clavicle 
was now divided with a Gigli saw at about 
its middle so that the inner end might be 
turned up out of the wa\'. (Figs. 4 and 5.) It 
was found that the clavicle was either so 
intimately adherent to the growth or actually 
involved bj' it that it seemed unsafe in case 
the tumor should prove to be malignant, to 
separate the two. The lower third of the 
clavicle was therefore chiselled off with an 
osteotome and left attached to the tumor. 
The remaining two-thirds being now free 
was easily turned upward and inward out of 


the way. The great veins were dissected out, 
the phrenic nerve retracted and the attachment 
of the scalenus anticus divided. The subclavian 



Fig. 5. Case vii. Showing the manner in which the 
exposure was obtained and the mass freed from the 
surrounding structures. 


vein tvas embedded in a U-shaped groove in 
the tumor and intimatelj" adherent, its lumen 
being reduced by one-half at this point. It 
was dissected free with great difficulty. The 
pleura stripped readih^ from the inner aspect 
and remained intact. (Fig. 6.) No line of 
differentiation could be made out between the 
mass and sternum and a V-shaped piece of 
sternum was therefore removed with the mass, 
the first rib being divided three-fourths inch 
distal to the tumor. The divided clavicle 
was re-united by a Kirschner wire in its lumen 
and a stainless steel wire suture to maintain 
apposition passed through drill holes made 
before the division. The muscles were re-united 
to the clavicle and the wound closed. (Fig. 7,) 
Recovery was uneventful. The tumor proved 
to be a benign osteochondroma composed of 
dense bone with irregular extensive cartilage 
formation throughout. 

C.\SE vm. Chondroma. A woman, sixty-four 
years old, was seen December 8, 1936. Since 
girlhood she had had a hard swelling of small 
size on the left chest above the breast. Three 
years ago this lump had begun to increase in 
size and recently had been enlarging quite 
rapidly. It was not painful or tender. Examina- 
tion revealed a nodular tumor the size of an 
orange, attached to the left anterior chest wall 
in the neighborhood of the costochondral 
junction of the first and second ribs. iV-ray 
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revealed a calcifying tumor arising from the 
first rib in the region of the costochondral 
junction. It was removed along with the 



Case x. Chondrosarcoma? A man, aged 
forty-five years, was admitted in August, 
1940. He had noticed a swelling over the right 



Fig. 7. Case vii. The reeonstruction of the claviele. 


adjacent rib and cartilage on December 21, 
1936. 

The specimen consisted of a nodular tumor 
1 1 by 8.5 by 8 cm. The cut surface was grey 
in color, smooth and apparently cartilaginous. 
There was a central area of degeneration and 
hemorrhage. Microscopic examination showed 
that the mass was composed of cartilage cells 
and fibrous tissue with areas of hemorrhage and 
calcification. It was regarded as a benign 
chondroma. There has been no recurrence. 

C.ASE IX. Chondroma. A woman, sixty-five 
years of age, was seen Jul3' 18, 1939. She had 
had a swelling over the right anterior chest 
wall for thirty’ 3'ears. It had slowh’’ increased 
in size during ten 3'^ears and during the past 
five 3'ears had grown ver}"^ fast. Six weeks 
previoush' a mild injurj' had resulted in 
ulceration. The patient died on Julj’' 23, 1939, 
apparenth"- as a result of infection and debility'. 
The tumor was removed at autops3^ (Fig. 8.) 
It was 20 bj’^ 17 bj’’ 14 cm. and on cut section 
appeared to be cartilaginous with numerous 
cj’stic spaces and areas of degeneration and 
hemorrhage. Microscopicalh', it was composed 
for the most part, of mature cartilage in which 
were areas of fibrous and mj'xomatous tissue. 
There was considerable old hemorrhage with 
dense infiltration of acute and chronic in- 
flammatorj- cells. The final diagnosis was 
chondroma with mjwomatous degeneration, 
hemorrhage and infection. 


anterior chest wall fifteen j’-ears before. It 
had increased in size graduallj’ over the j^ears 
but was thought to have grown more rapidlj”^ 
during the past two 3'ears. It had produced 
no sjmiptoms. Examination revealed a some- 
what irregular tumor the size of a lemon 
attached in the region of the costochondral 
junction of the ninth and tenth ribs. In the 
.v-raj’’ the tumor cast a barelj'' visible shadow. 
Since the patient was reallj’^ in the hospital 
for treatment of a vory toxic goiter and had 
been operated upon recently’- for this, the tumor 
was removed under local anesthesia on Septem- 
ber 16, 1941, no attempt being made bj^ the 
surgeon to do a wide removal. 

The specimen consisted of a hard nodular 
tumor 8.5 bj’’ 7 b}’’ 5 cm. The cut surface was 
grejdsh in color, smooth and glistening. There 
was a good deal of calcium. Microscopicallj", 
it was made up of atj’pical cartilage cells that 
tended to be arranged in groups with a good 
deal of cartilage matrix between them. There 
was considerable evidence of necrosis and 
hemorrhage. It was regarded bj" the pathologist 
as a chondrosarcoma but from a clinical point 
of view was thought to be more probablj'- 
benign. There has been no recurrence to date. 

Case xi. Chondrosarcoma. A man, sixty 
3'ears of age, was seen on April 3, 1940. A 
growth was noticed on the right chest wall 
in August, 1938. There was no pain. The 
growth increased in size graduallj'. A biopsy 
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done elsewhere in October, 1939, was reported diagnosis of osteogenic sarcoma and gave an 
as malignant. Examination revealed a tumor intense course of deep .v-ray therapy. Apart 
the size of a grapefruit involving the ninth, from the production of very severe .v-ray 



Fig. 8. Case ix. An enormous tumor of some thirty years’ 
standing which although apparently benign finally 
resulted in death from infection that followed ulceration. 


tenth and eleventh right ribs in the costo- changes in the skin and deeper tissues of the 
chondral region A-ray showed that it was chest wall this treatment had resulted appar- 
denselj’- calcified. The mass along with the ently in no change. His general health was good, 
adjacent portions of the chest and abdominal Examination revealed a swelling about four 
wall was removed on April 9, 1940. The pleura by six inches attached to the ribs of the upper 
and peritoneum were stripped from the tumor chest wall medial to the scapula and over- 
quite readily. Closure of the defect was imper- lapping the scapula and vertebral spines but 
feet. The specimen measured 13 by 12 by 8 cm. not attached to them. There were intense 
with attached portion of three ribs and soft radiation changes in the skin although no 
tissues. On cut section it showed hemorrhage, radiation had been given for six months, 
necrosis and irregular areas of calcification. A-ray showed an irregular calcifying mass 
The middle of the three ribs was destroyed arising from the fourth rib in the region of 
entirely over a length of three inches. Micro- the angle and lateral to it and largely destroy- 
scopic examination showed that the tumor ing the contour of the rib over an area of about 
possessed a dense, fibrous capsule freely three inches. The neighboring ribs seemed 
supplied with blood vessels. Running Inward merely to be involved in the extension of the 
from the capsule were fibrous septa between tumor. On November i, 1940, the tumor mass 
which were atj-pical cartilage cells. The central along with the posterior portion of the upper 
portion showed marked myxomatous changes, seven ribs, attached soft tissue and underlying 
Diagnosis was chondrosarcoma. At present pleura were removed en masse. The fourth 
the patient is well apart from the presence rib was disarticulated, the others removed to 
of a hernia for which a belt must be worn, the transverse process only. By using the 
There is no evidence of local or general scapula a fairly satisfactory closure was 
recurrence. obtained The radiated tissues subsequentlj' 

Case xii. Chondrosarcoma. A man, aged broke down, the patient developed an empyema 
thirty-nine years, was admitted October 27, and had a stormy postoperative course but 
1940, with a history of pain and swelling over is now well. 

the left upper chest posteriorly for two years. The specimen consisted of a hard tumor 
He attributed these changes to a fall suffered mass 14 by 1 1 by 6 cm. with attached ribs, 
two years before but since the swelling was Histologically, it was made up of cartilage 
much the same size at that time as on admission cells showing great variation in size and 
it was believed that the blow merely attracted staining. The stroma varied from a hyaline 
attention to the condition. One year later to a fibrous tj-pe. There were irregular areas 
he had consulted a radiologist who made a of myxomatous degeneration and calcification 
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throughout the tumor. Diagnosis was chondro- 
sarcoma with calcification. 

C.A.SE XIII. Chondrosarcoma. A man, sixty- 
three years old, noticed a swelling of the left 
chest wall in October, 1937. The mass was not 
painful and was noticed by chance. A-ray films 
made shortly after showed a tumor about 10 bj' 
12 cm., arising from the region of the costo- 
chondral junction of the third rib on the left 
side. The shadow was very indistinct because of 
an almost complete absence of calcium. Exam- 
ination revealed a flat, firm swelling about two 
inches in diameter arising from the third left 
rib lateral to the costochondral junction. What 
appeared to be the whole growth was removed 
by his surgeon on November 16, 1937. 

The specimen consisted of a mass 7 bj"^ 6 by 
5 cm., which appeared to surround the rib. 
It was moderately firm, pinkish and somewhat 
lobiilated. On section it was gelatinous in ap- 
pearance and very friable. Microscopically, the 
tumor was seen to be made up of large masses 
of cartilage cells. Near the periphery it was 
very cellular, and the cells were less differen- 
tiated in character and were invading between 
the fibers of attached muscle. There were a few 
areas of myxomatous degeneration. 

The patient received one series of 3,000 R. 
postoperative radiation but failed to report for 
further treatment. He returned November 3, 
193S, with numerous secondary masses in the 
region of the incision. Subsequent radiation 
failed to control these recurrences and he died 
of the disease. 

Case xiv. Chondrosarcoma. A sixteen year 
old Jewish boy was admitted to the hospital on 
February 4, 1941, with a three-day history of 
dry cough, left-sided pleural pain and shortness 
of breath. Three months previously his chest 
had been .v-raj'ed, because his tuberculin test 
was found positive in a routine survey and the 
report was negative. Examination revealed a 
well nourished bo}^ with a thoracic scoliosis 
with convexit}' to the right. There was a pecul- 
iar prominence of the ninth and tenth ribs on 
the left side posteriorly which he said had been 
present all his life. There was a left pleural 
effusion which on aspiration proved at first 
to be clear fluid and later to be blood tinged. 
The fluid was sterile and no tumor cells could 
be found in it. There was a low-grade fever and 
a leucocN-tosis of 16,200. A’-rays showed a 
destructive lesion with some calcium deposition 
in the ninth rib on the left side beginning 


medial to the angle and extending for a dis- 
tance of three inches laterally. A biopsy was 
taken. This showed a lesion made up of atypical 
cartilage cells growing in a haphazard fashion 
Avith numerous mitotic figures. There AA'as no 
bone formation. 

The patient’s course AA-as doAAm hill rapidlj' 
and he died on March 13, 1941. 

C.ASE XA^ Osteogenic Sarcoma. A man, 
fifty-four years of age, AA-as admitted July 21, 
1938. One AA'eek preAuously his son had noticed 
a deformit}' of the loAA-er chest. There AA-ere no 
local symptoms, and the general health had 
remained good. There AA-as an elongated SAA-ell- 
ing of the eleA’-enth right rib AAdiich extended for- 
Avard for about seven inches from a point near 
the spine and AA-as of a maximum AAudth of about 
tAA-o and one-half inches. It AA-as firm, someAA-hat 
irregular in outline and not tender. A^-ray exam- 
ination shoAA-ed replacement of the eleA-^enth rib 
by a circumscribed tumor AA-hich had a A'acuo- 
lated appearance suggestiA-e of either a chon- 
droma or chondrosarcoma. At operation, July 
22, 1938, an ample incision Avas made in the long 
axis of the tumor. The tenth rib AA-as first 
resected subperiosteall}’’ to glA^e access, and the 
inA'oh-ed rib AA-as then remoA-ed from anterior 
to the tumor to and including the head of the 
rib, along AA-ith the attached intercostal mus- 
cles and underlying pleura. The muscles AA-ere 
closed oA-er the defect. Postoperative recoA-ery 
AA-as uneA-entful and at present there is no 
clinical or .v-raj- evidence of recurrence. 

In the gross the specimen AA-as bony hard. 
The attached muscle tissue AA-as intimately 
adherent to it. Microscopically, the mass AA-as 
made up of dense sheets of cells AA-ith long 
spindle-shaped nuclei and A-arj-ing amounts of 
cj-toplasm, groAA-ing in irregular fashion. Dis- 
tributed throughout these cells AA-ere manj- 
multinucleated bone cells about AA-hich there 
AA-ere deposits of neAA- bone. It AA-as regarded as 
an osteogenic sarcoma. 

SUMiALA-RY 

Tumors of the chest AA-all comprise all 
growths affecting tissues of a similar char- 
acter elseAA-here in the body. While they do 
not present any special pathological char- 
acters thej- do, because of their location, 
present special surgical problems. The 
differentiation betAA-een benign and malig- 
nant groAA-ths 'in the fibrous and cartilage 
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groups is, as elsewhere, diflTicuIt and cannot 
be done on histologic appearances only. 
When operated upon bj' a surgeon un- 
accustomed to treating thoracic lesions, 
these tumors are perhaps likely to be re- 
moved incompletel}'^ because the surgeon 
fears to open the chest widely. They should 
be operated upon always with a closed type 
of anesthesia, preferably of the intra- 
laryngeal or intratracheal type. The anes- 
thetist as well as the surgeon should be 
accustomed to handling thoracic cases. 


Radiotherapy cannot be expected to have 
much effect on most of the primar}^ con- 
ditions and should be used as a rule, only 
when surgical removal is impossible. 

Because they occur rather infrequently 
and are the most interesting of the group, 
case reports of the primary lesions of ribs 
and cartilages have been given in some 
detail.* 

* Cases 1, II, HI, IV, v, xiii and xv were reported 
previously in Tbe Journal oj Thoracic Surgery', 9: 145- 
159, December, 1939. 




A DEMONSTRABLE enlargement of the th3'roid gland is present in almost 
all patients suffering from acute thyrotoxic disease, but not in all. In rare 
instances the gland is not obviouslj’- enlarged, but even in these a definite 
increase in size can be demonstrated at operation. One should not hesitate 
to diagnose e.xophthalmic goiter without a palpable thyroid if the other 
signs warrant. 



RELATIVE FREQUENCY AND SITE OF PREDILECTION 
OF INTRATHORACIC TUMORS=^ 

Brian Blades, li.d. 

ST. LOUIS, MISSOURI 


P RIMARY in tra thoracic tumors are 
common. They may originate in the 
lung, in the mediastinum or from the 
various elements of the chest wall. By far 
the most important and frequent intra- 
thoracic neoplasms are tumors of the lung, 
which are more properly termed bronchio- 
genic tumors because it has been estab- 
lished that practically all lung tumors are 
of bronchial origin and rarely arise from the 
lung parenchyma. Second in frequency are 
the various tumors of the mediastinum, 
and, third, the relatively rare neoplasms 
which begin in the chest wall and invade 
the thoracic cavity. 

BROXCHIOGENIC TUMORS 

Bronchiogenic tumors have until re- 
cently been considered a rare form of dis- 
ease. During the past ten years, however, it 
has become more and more apparent that 
the incidence of endobronchial neoplasms 
is increasing and that bronchiogenic carci- 
noma is one of the most common forms of 
cancer. At the present time, carcinoma of 
the lung is of about the same frequency as 
carcinoma of the colon, and constitutes 
between 5 and 10 per cent of all cancers. 
Koletsky^ in a study of 7,685 consecutive 
cases studied at autopsy found bronchio- 
genic carcinoma second onlv to carcinoma 
of the stomach. Kikuth,- Hirsche and 
Halpert,^ Matz,'* and many others, at 
postmortem observations, have found car- 
cinoma of the lung either second or third in 
frequency, being preceded only by carci- 
noma of the stomach and carcinoma of the 
large bowel. 

Another important obser\’^ation has been 
made in various series of autopsy studies. 


namely, that more recent autops}”^ reports 
demonstrate a progressive increase in the 
frequenc}”^ of pulmonary tumors. For ex- 
ample, WelleF at the University of Michi- 
gan found carcinoma of the lung occurred 
in 0.1 per cent of the first 1,000 autopsies 
performed at that institution. In the 
second 1,000 autopsies, the incidence was 
0.5 per cent, and in 450 cases of the third 
1,000 cases studied, the incidence was 0.8 
per cent. Holzer® reports that in autopsy 
studies conducted between 1895 and 1904, 
onlj- 1.04 per cent of all carcinomas dis- 
covered at postmortem were bronchiogenic 
in origin. Corresponding data from 1915 to 
1924 showed an increase to 6.9 per cent. 
Ochsner and DeBakey' have further em- 
phasized the steady increase of bronchio- 
genic carcinoma by a review of the death 
rates per 100,000 population in the United 
States who have died of malignant tumors 
of various kinds and are recorded by the 
mortality statistics of the Bureau of 
Census. These data show that from 1920 to 
1936 there was no appreciable increase in 
the incidence of carcinoma of the stomach, 
uterus or gall bladder, whereas there was a 
marked increase in the incidence of carci- 
noma of the lung. The same authors have 
recently reported that in their experience 
carcinoma of the lung has increased ap- 
proximately five times in the past seven 
years. This statement was based on a study 
of necropsy material at the Charity Hospi- 
tal in New Orleans. Brines and Kenning^ in 
a study of 936 patients with various types 
of tumors found carcinoma of the lung 
fourth in frequency. At the Barnes Hospital 
Chest Seix'ice, sixty-two proven cases of 
bronchiogenic carcinoma were seen in a 
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three-year period from 1933 to 1936. Dur- 
ing the following three years, 1 17 bronchio- 
genic carcinoma cases were admitted for 
treatment. It becomes apparent, therefore, 
that the amazing increase in the incidence 
of bronchiogenic carcinoma cannot be 
attributed to improvements in diagnosis or 
increased awareness of the condition, but 
must be considered actual as demonstrated 
both by autops}'^ material and clinical 
observations. 

It is now generally agreed that practi- 
cally all puImonar3^ tumors arise from the 
bronchi. There has, however, been much 
confusion in classification of lung tumors 
because of the uncertaintj" of exact cellular 
origin and multiplicity of names which 
have been applied to the various lesions 
based on their microscopic appearances. 
This controversy does not, however, in- 
clude true squamous cell cancer of the 
bronchus. Like squamous carcinoma in 
other locations, this variety of cancer oc- 
curs more frequently between the ages of 
forty and sixty, and is predominant!}’’ a 
disease of males. Other bronchiogenic carci- 
nomas have been designated as round cell 
carcinomas, oat cell carcinomas, adeno- 
carcinomas, depending upon the various 
arrangements of the cells. It is beyond the 
province of this paper to discuss in detail 
various controversial conceptions regarding 
classification of pulmonarj^ tumors. How- 
ever, it is necessary to mention brief!}' a 
few of the recent conceptions of pulmonary 
tumor formation to avoid confusion in the 
subsequent discussion of the localization of 
these tumors. 

Endobronchial tumors which are some- 
times classified as benign are rare as com- 
pared to true bronchiogenic carcinomas. 
The most common of this group is the 
so-called bronchial adenoma. These tumors 
may arise in any portion of the bronchial 
tree, but are more commonly found in the 
larger bronchi. The anatomic origin of 
bronchial adenomas may, therefore, be 
considered identical to that of bronchio- 
genic carcinomas. Unlike squamous cell 
carcinoma of the bronchus, these tumors 


occur frequently in females and may appear 
at any age. Brunn and Goldman® report an 
incidence of 64 per cent in females in forty- 
two collected cases. 

The tumors may be in the shape of a 
polyp attached to the bronchial mucosa by 
a small pedicle, but more often the intra- 
mural type is present where only a part of 
the tumor presents endobronchially. Not 
uncommonly, these tumors assume a dumb- 
bell pattern, with the greatest portion of 
the neoplasm extending outside of the 
bronchus into the parenchyma of the lung. 
Brunn and Goldman® and others believe 
that the bronchial adenoma has such a dis- 
tinct difference in appearance and gro%vth 
potential that it deserves to be classified in 
an entirely different category from true 
bronchiogenic carcinoma. There is, how- 
ever, a sharp difference of opinion on this 
point, and others, notably Womack and 
Graham, believe that many endobronchial 
tumors, including bronchial adenomas, 
have a common origin, and are the result of 
the failure of embryonic bronchial buds to 
develop in a normal way. When the 
entodermic elements in the embryonic bud 
predominate, the tumor may be considered 
a bronchial adenoma, alveolar carcinoma, 
adenocarcinoma, etc. Mesodermic domina- 
tion will result in what has been called by 
others chondroma, sarcoma, etc. Their 
conception is that these tumors should be 
considered potentially malignant, although 
they may be benign when first recognized. 
Frequently, these tumors resemble the 
mixed tumors of the salivary glands and it 
is not unusual to find in them cartilage and 
even bone. When malignant they manifest 
a markedly invasive quality but often 
without microscopic evidence of great 
activity of growth. Halpert” explains the 
formation of endobronchial tumors on the 
basis of what he terms reserve cells. These 
are undifferentiated entodermal cells capa- 
ble of developing into ciliated epithelium, 
cylindrical cells, goblet cells, or may differ- 
entiate into any kind of epithelium that an 
entodermal cell is capable of producing. 
Another common classification of bronchio- 
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genic tumors is; (i) Squamous cell carci- 
noma; (2) small cell or undifferentiated 
cell carcinoma; (3) endocarcinonia. The 
confusion regarding classification of bron- 
chiogenic tumors by the microscopic ap- 
pearance does not, however, affect certain 
important facts concerning their site of 
predilection. For clinical purposes, all 
bronchiogenic tumors can be divided into 
two groups: (1) Tumors of peripheral ori- 
gin, in which the lesion originates in minor 
bronchi, or from the peripher}' of the lung; 
(2) neoplasms originating in large or major 
bronchi. 

Tuttle and Womack'- have pointed out 
the differences in symptomatology and 
prognosis, depending upon whether the 
tumor originates in the periphery of the 
lung or near the pulmonary hilum. They 
have shown that tumors originating in the 
major bronchi are more slowly growing, 
probably because of the tough cartilage 
which must be penetrated if the neoplasm 
spreads by direct extension. Tumors of 
large bronchi produce symptoms earlier 
because obstruction or partial obstruction 
of the bronchus will result in atelectasis or 
pulmonary suppuration much earlier in the 
course of the disease than if the tumor is 
situated in a small peripheral bronchus. 

In slichtlv more than half of the cases 
studied by Tuttle and Womack'- the tumor 
was situated in a major bronchus. Boyd'^ 
and Edwards'"* found a somewhat higher 
incidence of centrally located tumors, 
the former finding only 10 per cent of the 
tumors located in the periphery, and the 
latter, 20 per cent. 

In 216 patients with bronchiogenic carci- 
noma reported by Gebauer,"’ squamous 
cell carcinomas were situated in the major 
bronchi in 70 per cent of the cases. Tumors 
classified as adenocarcinoma arose in sec- 
ondary bronchi in 90 per cent of the cases, 
and in the main bronchi, in only 10 per 
cent. Sixty-six per cent of tumors classified 
by Gebauer'^ as small cell carcinomas 
began in the main stem bronchi. Con- 
troversial opinions concerning histologic 
classifications make evaluation of these 


data difficult. It is apparent, however, that 
in general the more slowly growing and 
better differentiated carcinomas have a 
tendency to arise in the major bronchi, 
whereas the rapidly growing, undifl'er- 
entiated varieties of cancer usually origi- 
nate in the smaller bronchi. 

The relative frequency of involvement of 
the right and left lung does not vary 
enough to be of great practical importance. 
Fischer'® studied 3,735 cases and found the 
right lung involved in 53 per cent of the 
cases, the left in 45 per cent, and a bilateral 
lesion overriding the carina in 2 per cent. 
Ochsner and DeBakey" collected 4,732 
cases from the literature, and found right- 
sided involvement in 58.4 per cent, and 
left sided tumors in 41.6 per cent. In 784 of 
Fischer’s'® cases, 18 per cent of the tumors 
originated in the right main bronchus, and 
14 per cent of the tumors were in the left 
main bronchus. The most frequent site of 
origin was in the right upper lobe bronchus, 
where approximately 19 per cent of the 
tumors were situated. The left upper lobe 
bronchus was the site of origin in 16.4 per 
cent of cases, the right lower lobe in 1 6 per 
cent, the left lower lobe in 13 per cent, and 
only in approximately 0.2 of the cases was 
the middle lobe bronchus involved. It is 
interesting to note that the superior divi- 
sions or dorsal divisions of the lower lobes 
are an infrequent site of tumor formation. 
In a series of 117 cases at the Barnes 
Hospital, we have seen only one instance of 
bronchiogenic carcinoma originating in this 
bronchial segment. This finding is particu- 
larly interesting because the superior divi- 
sions of the lower lobe are probably more 
frequently involved in lung abscess forma- 
tion than any other portion of the lung. 

Poslerior Superior Sulcus Tumors. Tu- 
mors originating in the posterior superior 
sulcus of the thorax at the apex of the chest 
often produce a rather typical symptom 
complex consisting of unilateral pain in the 
shoulder girdle, Homer’s syndrome, and 
paresis of the hand. Roentgenograms will 
usually show a mass confined to the poste- 
rior superior sulcus of the chest when these 
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sjTOptoms are present. Pancoast” first 
described the symptom complex asso- 
ciated with the abnormal roentgenographic 
shadow, and it became the custom to refer 
to the condition as a Pancoast tumor. 
and others who have studied the so-called 
Pancoast tumor and its associated symp- 
tom complex are convinced that in the 
great majority of cases, the sjmiptoms and 
roentgenographic findings are the result of 
invasion of the pleura by an ordinary 
bronchiogenic carcinoma and that neuro- 
fibromas, or any other tumor situated in 
the posteromesial portion of the chest, are 
capable of producing the same symptoms. 
It would seem, therefore, more proper to 
regard the term. Pancoast tumor, as a 
topical classification rather than a path- 
ologic entit}' and to mention the condi- 
tion in connection with bronchipgenic 
carcinomas. 

RARE CONDITIONS WHICH SI.MULATE 
PULMONARY TUMORS 

Tuberculomas or calcified pulmonary 
abscesses may be indistinguishable from 
true pulmonary neoplasms until the}'' are 
removed. Graham and Singer” reported 
three such cases in 1936, and later Haight^ 
reported a calcified pseudotumor of the 
lung which proved to be a tuberculoma. 
Thoracic aneurysms may also be confused 
with intrathoracic neoplasms, although 
usually the true nature of the lesion can be 
determined by roentgenological examina- 
tion. Graham-^ has reported two instances 
of nonpulsating aneurysms of the ductus 
arteriosus in which the positive diagnosis 
could be established only by exploration of 
the thorax. In two other cases at the Barnes 
Hospital, thoracic exploration was neces- 
sary to establish a positive diagnosis of 
aortic aneurysm in which pulsation could 
not be determined by fluoroscopy or by 
roentgen kymograms. 

MEDIASTINAL TU.MORS 

Tumors of the mediastinum ma}' be 
benign or malignant, but, except for rather 
rare cystic types of tumors, practically all 


mediastinal tumors are potentially malig- 
nant. The site of origin of mediastinal 
neoplasms is rather constant for each 
group, and a convenient method for de- 
scribing them is to divide the various types 
into: fi) Tumors u'hich usuall}' originate 
in the anterior mediastinum; (2) posterior 
mediastinal tumors; (3) a miscellaneous 
group of comparatively rare neoplasms 
which may be located in any part of the 
mediastinum. 

ANTERIOR MEDIASTINAL TUMORS 

LyiJiphomas. A common variety of an- 
terior mediastinal tumor arises from lym- 
phatic tissue, and maj* be classified under 
the inclusive term of lymphomas. This 
group includes lymphosarcoma, Hodgkin’s 
disease, so-called leukosarcoma, thymomas 
or any neoplasm which may originate in 
the lymphatic tissue situated in the medias- 
tinum. Differentiation of the tumors of the 
lymphoma group from other types of 
anterior mediastinal tumors before treat- 
ment is undertaken is of primary impor- 
tance because, in general, tumors composed 
of Ij'mphatic tissue will react to roentgeno- 
therapy and are not amenable to surgical 
extirpation. It is, therefore, the custom of 
many e.xperienced thoracic surgeons to 
submit all patients with anterior medias- 
tinal tumors to a test of roentgenotherapy. 

If the neoplasm decreases in size, the 
futility of surgical intervention is estab- 
lished. Confusion and controversy regard- 
ing the origin and relative frequency of 
tumors which arise from the lymphoid 
tissue in the mediastinum make a reliable 
estimate of the relati^'e frequency of the 
various t3'pes of lymphomas impossible. 
Baldridge and Awe-- have a workable 
classification for lymphogenous tissue, rec- 
ognizing as the Hodgkin granuloma a 
sclerosing t3-pe of lesion, the lymphoblastic 
t3'pe as l3'mphosarcoma and the endothelial 
type as 13'mphoepithelioma. The 13’mpho- 
C3'tic type, they consider a manifestation of 
leukemia with or without blood changes. 
Ewang’s-^ classification is based on three 
anatomic elements, namel}', l3'mphoc3*tes. 
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reticulum cells of the follicles and pulp, and sarcoma, and twenty-nine as Hodgkin’s 
endothelial cells. It is, however, often granuloma. In a series of eighty-seven cases 
impossible to classify histologically the of mediastinal tumors studied at the Barnes 



Fig. I. Lateral roentgenogram showing anterior position of a teratoid tumor 

of the mediastinum. 


lymphomas of the anterior mediastinum 
which do not have other general manifesta- 
tions of disease of the lymphatic system, or 
in which tissue is not available for biopsv. 
The same difficulties exist when one at- 
tempts to classify tumors of the thymus 
gland. 

Heuer and Andrus-^ have been able to 
collect 230 cases of malignant thymomas. 
In their series of 145 cases of mediastinal 
tumors, studied at the New York Hospital, 
32 per cent were considered lymphomas. 
Of these, eighteen were diagnosed lympho- 


Hospital, in thirty-eight instances the 
tumor was classified as a lymphoma. In 
this group there was no other evidence of 
disease of the lymphatic sj’^stem which 
could be demonstrated by involvement of 
other lymph-nodes or bj* changes in hemo- 
grams. In all instances the lesion dimin- 
ished in size when roentgenotherapy was 
given. 

Dermoids and Teratomas. Harrington-^ 
employs the term, teratoid tumors, for all 
dermoids and teratomas of the medias- 
tinum. He feels that it is more accurate 
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than the inclusive term, dermoid tumors, 
because the majority of these neoplasms 
are derived from all three germinal laj’ers. 





Fig. 2. Photograph of teratoma of the mediasti- 
num after successful surgical removal. 

The structures of the teratoid tumors vary 
from thin walled cysts filled with cloudy 
fluid, or which ma\^ contain ectodermal 
derivatives such as skin, hair, or teeth, to 
solid tumors, depending upon the varieties 
of tissue which predominate. Heuer-'* has 
stated that the teratoid mediastinal tumors 
are the most common neoplasms of the 
mediastinum, but at the Barnes Hospital 
Chest Sersdee, we have found that tumors 
of the lymphoma group occur more fre- 
quently than the teratoid variety. With the 
e.vception of the lymphomas, however, the 
incidence of teratoid tumors was more than 
twice that of any other kind of mediastinal 
neoplasm. Of 233 collected cases, including 
twenty-fn’-e at the Barnes Hospital, in only 
three instances has the tumor been re- 
ported to be in a posterior position in the 
mediastinum. These were in the cases of 
Krause,'® Von Torok,=" and of Smith.-® In a 
series of u6 cases studied by Hedblom,^^ 
all of the tumors were in an anterior posi- 
tion. The mass was predominantly right- 
sided in sixtj’^-three instances, and more 
apparent on the left in fifty-three cases. 
The teratoid tumors are thought to take 
their origin from cell rests probably" of 


branchiogenic elements which are drawn 
into the thorax by the descent of the heart 
and diaphragm. (Figs, i and 2.) 

Mediastinal Thyroids. Thyroid tissue 
situated in a substernal position may 
produce an anterior mediastinal tumor 
which cannot be diagnosed definitely until 
the mass has been removed. In the great 
majority of cases, however, involvement of 
the thyroid tissue in the neck is rather 
obvious and will indicate the true nature of 
the lesion. Total or complete thoracic 
goiter ma}’' occur without cendcal goiter, 
but this condition is rare. 

Qv/s oj the Mediaslmurjr. Thin walled 
C3’sts containing fluid have been given a 
^'ariet j' of names including ct’stic hj’gromas, 
cj'stic lymphangiomas, and ciliated epi- 
thelial C3'sts. Cysts of the respirator\- 
epithelium are often called bronchiogenic 
cysts. Lambert®® has recently introduced 
convincing evidence that man^' C3'sts of the 
mediastinum arise from the pericardium 
through the defects in the process of its 
development. Fort3’-one instances of medi- 
astinal cysts classified as either c3'’stic 
hy'gromas, bronchiogenic cysts or cystic 
l3TOphangiomas are recorded in the litera- 
ture. Five cases seen at the Barnes Hospital 
in which operation was performed success- 
fully have been reclassified and are con- 
sidered to originate from the pericardium, 
since Lambert’s®® conception of their origin 
has been known. 

POSTERIOR MEDIASTINAL TUMORS 

The most important group of neoplasms 
which arise from the posterior mediastinum 
are the primar3^ ner\'e tumors. These neo- 
plasms take origin from an}’ of the elements 
of nerve tissue and ma}’, therefore, be more 
precisely' classified as ganglioneuromas, 
neurogenic sarcomas, neurofibromas, sym- 
pathicoblastoma, etc., depending upon the 
cellular element which predominates. Har- 
rington®® has employ'ed the terra perineural 
fibroblastoma in describing fourteen pri- 
mary nerve tumors which he has treated 
surgically. He justifies the term perineural 
fibroblastoma by' the fact that in each 
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instance the tumor was thought to arise exactly the incidence of each type of 
from the sheath of the nerves. Thirteen of primary nerve tumor which is recorded in 
the group were benign tumors and one was the literature. Including thirteen cases 



Fig. 3. Lateral roentgenogram showing usual posterior position of a primarj^ nen'e 

tumor. 


considered malignant. Practicall}’ all pri- 
mary nerve tumors ha'S’e the common 
factor of being located in the posterior 
mediastinum and of being malignant or 
potentially malignant. Not infrequently^ 
tumors which arise from the spinal or 
synnpathetic nerves involve not only the 
posterior mediastinum but the vertebral 
canal, and assume an hour-glass or dumb- 
bell shape. 

Difficulties in exact histological classi- 
fication make it impossible to evaluate 


treated surgically at the Barnes Hospital, 
135 instances of neurogenic tumors of 
the posterior mediastinum are recorded. 
Twenty-two of these are considered neuro- 
fibromas, seventy ganglioneuromas, nine- 
teen are considered neurinomas, (recorded 
by Heuer and Andrus)-"* and the remaining 
twenty-four as perineural fibroblastomas or 
simply as primary nerve tumors. Not infre- 
quently, neiu'ofibromas of the mediastinum 
may be associated with other stigmata of 
Von Recklinghausen’s disease. This was the 
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case in one of our thirteen cases, and the Carcinoma oj the Mediastinum. Since it 
condition has been recorded frequently in has been appreciated that pulmonary 
the literature. (Figs. 3 and 4.) carcinoma is common and often invades the 



Fic. 4. Photograph of neurofibroma of posterior medias- 
tinum after successful removal. 


RARE MEDIASTINAL TUMORS 

Mediastinal Fibromas and Sarcomas. 
Thirty-two cases of fibroma of the medias- 
tinum have been reported. In manj' 
instances, however, the diagnosis could be 
questioned, and it seems likel}" that con- 
fusion with fibrosarcoma or neurofibromas 
had occurred in many instances. The same 
difficulty arises when one attempts to 
evaluate the miscellaneous group of tumors 
included under the diagnosis of sarcoma of 
the mediastinum. These maj'' arise from the 
malignant degeneration of chondromas, 
primary neiA^e tumors, or from any of the 
connective tissue elements of the Ij'mph- 
nodes or of the thymus. In our experience, 
it is often impossible to make an exact 
histologic classification of rapidlj’^ growing 
mediastinal sarcomas. In many instances, 
however, the positions and clinical aspects 
of the neoplasms have suggested that their 
origins were either from ner\*e tissue or the 
periosteum of the ribs. 


mediastinum, fewer cases of carcinoma of 
the mediastinum have been reported. 
There is evidence that the thymus gland is 
the most common source of primary carci- 
nomas of the mediastinum. In many 
instances, however, it is impossible to 
establish the e.vact origin. Bj* far the most 
common cause of invasion of the medias- 
tinum with carcinoma is extension or 
metastasis from a primary bronchiogenic 
tumor. 

Mediastinal Tumors Arising Jrom Bone 
and Cartilage. Chondromas, osteochon- 
dromas, chondrom3'xomas, enchondromas 
or chondrom3a'osarcomas ma3' take their 
origin from the costal cartilages, sternum 
or spine and present in the mediastinum. 
All varieties are rare. Chondromas are 
more common in the anterior mediastinum 
arising from the costal cartilages, and all 
others of the group are more commonl3' 
located in a posterior position. Heuer-^ was 
able to collect onh* fourteen cases of 
mediastinal tumor which might be con- 
sidered to originate from bone or cartilage. 
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Intrathoracic Cysts of Intestinal Structure. 
NicIioIIs,'’’^ of London, has reported the 
successful removal of an intrathoracic 
stomach and was able to collect twelve 
cases of intrathoracic cysts of intestinal 
structure from the literature. Grahaip^- at 
the Barnes Hospital has had two cases of 
intrathoracic stomachs, one in an infant, 
and the other in a vouns; man in whom the 
tumor of the mediastinum was discovered 
during an examination for admission to 
service in the armv. In this case, the intra- 
thoracic stomach was removed successfully, 
and the patient has now been admitted to 
military serAuce. Two explanations have 
been advanced for the development of 
intrathoracic tumors of intestinal struc- 
ture: (i) That the}’ are cells from the fore- 
gut which remain in the thorax during the 
course of development; (2) that the cells 
are derived from the vitello-intestinal duct. 
In all of the cases reported by Nicholls^^ 
and in Graham’s^- two cases, the tumor 
was located in the posterior mediastinum. 
Twelve of the fifteen known cases were 
right-sided. 

Lipomas oj the Mediastmum. Intra- 
thoracic lipomas may occur in a variety of 
forms, but are comparatively rare. Their 
anatomic location may be of three types: 
(i) Tumors in which an intrathoracic mass 
is continuous with an extrathoracic exten- 
sion, causing the neoplasm to assume an 
hour-glass shape; (2) thoracic lipomas 
which extend into the neck; (3) lipomas 
which lie entirely within the thoracic cage. 
McCorkle et al.^® have been able to record 
only thirty-four instances of thoracic 
lipoma from the world literature, including 
a case of their own. At the Barnes Hospital 
we have seen only two cases of lipomas of 
the mediastinum. 

Mediastinal Xanthomas. Another un- 
usual type of intrathoracic new growth has 
been called xanthoma bv some, and sar- 
coma by others. The characteristic his- 
tologic finding in xanthomatous neoplasms 
is the xanthoma or foam cell. Phillips®'* 
recorded two cases which he had observed 
and collected 3 similar cases from the litera- 


ture. He considered this type of neoplasm 
to be nonmalignant and advised discon- 
tinuance of the term sarcomas in describing 
them. 

TUMORS ORIGINATING IN THE CHEST 
WALL 

It is frequently difficult to determine 
from published accounts of intrathoracic 
tumors whether their origin was actually in 
the mediastinum or from the chest wall. It 
is understandable why this situation can 
exist because it is often difficult to deter- 
mine this point at operation or autopsy 
when the tumor is of large size. Tumors 
may arise from the ribs, the pleura or the 
nerves in the chest wall and manifest them- 
selves as intrathoracic masses. 

Benign intrathoracic tumors arising from 
the chest wall are rare. Harper®® was able 
to collect sixty chondromas, nine fibromas, 
seven osteotomas, and eleven benign giant 
cell tumors reported in the world literature. 
These tumors usually do not invade the 
thorax but present as external masses. The 
tendency for all chondromas or osteo- 
chondromas of the chest wall to undergo 
malignant degeneration has been well 
established, and many believe that a large 
proportion of cases of intrathoracic sar- 
comas begin as benign chondromas or 
neurofibromas. 

A great variety of tumors which may 
arise from the pleura have been described. 
These may be benign or malignant, pri- 
mary or metastatic. Fibromas, lipomas, 
nnwomas, angiomas, various types of 
sarcomas, including m3-xosarcoma, round 
cell, spindle cell and fibrosarcoma have 
been described. All of these tumors are rare 
and require no particular comment. 

Epithelioma of the pleura is probably a 
misnomer. Robertson®® has shown that 
primary malignant tumors of pleural tissue 
are probabty always sarcomas and that the 
great majority of so-called endotheliomas 
of the pleura represent extension or im- 
plantations of carcinoma from another 
primary source, usually the lung. 
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TUMORS OF THE THYMIC REGION AND MYASTHENIA 

GRAVIS 

Alfred Blalock, m.d. 

BALTIMORE, MARYLAND 


T he etiology of myasthenia gravis is 
unknown and the functions of the 
thymus gland are unknown, therefore, 
it is apparent that one enters a field of 
speculation if one attempts to consider the 
relationship of abnormalities of the thymus 
to myasthenia gravis. _ It is known that 
myasthenia gravis is a disease character- 
ized by abnormal fatigability of muscles, 
usually by characteristic lymphocytic infil- 
tration of these and other organs and 
frequently by failure of involution or 
neoplasm of the thymus. It is known that 
benign tumors of the thymus are rare and 
that most of those that have been reported 
have been present in patients with myas- 
thenia gravis. The frequent association of 
the two would appear to be more than a 
coincidence. 

The first description of a thymic tumor 
in association with myasthenia gravis was 
that by \\^cigert' in 1901. Bell,- in 1917, 
collected from the literature an account of 
liitv-slx cases of mvasthenia gravis in 
which either an operation or an autopsy 
had been performed and twenty-seven of 
these exhibited abnormalities of the thy- 
mus. A diagnosis of thymoma was made in 
ten and the remaining seventeen patients 
were considered as having either a per- 
sistent or an enlarged thymus. Norris'" 
restudied the problem in 1936 and found 
that there were thirty-five lesions of the 
thymus in a total of eighty necropsy re- 
ports on patients with myasthenia. He 
expressed the opinion that pathologic 
changes may be found in the thymus in 
cases of myasthenia gravis in direct ratio 
to the care with which they are sought. In 
*939’ Blalock, Mason, Morgan and Riven’ 
found eighteen additional cases in the 
literature and reported one of their own. 


Thus, up to 1940 there had been reported 
fifty-four instances of abnormalities of the 
thymus in approximately 1 10 autopsies or 
operations on patients with myasthenia 
gravis. Additional cases have been reported 
since that time. Miller’ described the 
autopsy findings on five patients with 
myasthenia gravis, two of whom had an 
encapsulated tumor of the thymus and two 
had a persistent thymus. Undoubtedly, a 
good many cases have not been reported. 
For example. Dr. E. H. Campbell of 
Albany, New York, has removed recently 
typical thymomas from two patients with 
mvasthenia gravis. 

The presence of an abnormality of the 
thymus should be suspected in every 
patient with myasthenia gravis. Definite 
enlargements or tumors may be demon- 
strated by fluoroscopic or .v-ray exami- 
nation. A film taken in the lateral position 
is usually best for demonstrating the lesion. 

One cannot make dogmatic statements 
concerning the effects of the removal of 
thymomas upon the course of myasthenia 
gravis. This is due to two reasons; In the 
first place, there have been too few such 
operations to allow critical judgment. The 
most striking result is that reported by 
Blalock, Mason, Morgan and Riven. ^ 
This patient, previously a severe myas- 
thenic, has been well now [for five years 
following thymectomy. In the second 
place, spontaneous remissions are not un- 
common and apparent beneficial post- 
operative effects may be explainable on 
this basis. 

The operation is a relatively simple one. 
An upper median sternotomy gives an 
excellent exposure and the tumors can 
usually be shelled out without difficulty. 
It is obvious that either the patient should 
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be in a remission at the lime of the oper- 
ation or one should be able to control the 
disease by the use of prostigmin or some 
other drug. Since nn’asthenia gravis is a 
disabling disease and since the operative 
procedure is not a very grave one, it would 
appear that the encouraging experiences 
indicate the advisabilit}* of the surgical 


removal of clinically demonstrable thymic 
tumors in patients with myasthenia gravis. 
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Usually in thyrotoxicosis the tendon reflexes are exaggcr.atcd. In 
the beginning and in milder cases they arc normal. Late in the disease the 
reflc-xes are sometimes lost but in that event other causes for their absence 
should be sought. 



INTRATHORACIC GOITER 


Howard M. Clute, m.d. and Knowles B. Lawrence, IvI.d. 

BOSTON, MASSACHUSETTS 


T he fact that certain goiters are partly 
or wholly intrathoracic is now ac- 
cepted as a serious and not uncommon 
pathologic condition. When one considers 
that many of these goiters are completely 
hidden in the bony thorax, however, it is 
not surprising that only in recent medical 
times has much been known of this disease. 
Intrathoracic goiter was first described 
anatomically by A. Haller in 1749.' 
much later, in 1830, when C. Lingl- gave 
the first clinical description of this lesion. 

M. Dubourg,^ in 1826, recorded an 
Instance of strangulation and death due to 
intrathoracic goiter, and in 1828 A. Adel- 
man'’ reported a case of malignant disease 
in this type of goiter. The term, “goiter 
plongeant,” was coined by Malard in 1851'’ 
to apply to those substernal adenomas 
which popped up into view above the 
sternum with increased intrathoracic pres- 
sure. The monograph, “Die Struma Intra- 
thoracica,” by F. ^^’uehrman, in was 

the most comprehensive study to that date. 

The recognition of intrathoracic goiter 
in the earlier years was, of course, limited 
l)y the lack of roentgen diagnosis until 
1899. At this time Schiefl' added another 
most important milestone to the under- 
standing of this disease by showing the 
value of the .v-ray in the diagnosis of 
intrathoracic goiter. 

It is intcrcstin" todav to note that the 
classical descriptions of exophthalmic Roitcr 
by Parrv, Graves, and Basedow, as quoted 
by .Ma jor,*^ failed to include any case in 
vhich the symptoms and signs were those 
ol a goiter extending into the thorax below 
the St ernum. This finding is in accord with 
present day experience that the thyroid 
gland m typical exophthalmic goiter rarely, 
it e\'er, extends deeply into the thorax. One 
cannot !'»ut vender it these writers saw no 
cases of hyperthyroidism due to a sub- 


sternal adenomatous goiter which were 
difficult of explanation. 

Considerable confusion has existed in 
descriptions of intrathoracic goiter because 
of different nomenclatures used by various 
authors. Inclusion of the terms, “sub- 
sternal” and “retrostemal” and “sub- 
clavicular,” under the single grouping of 
“intrathoracic” goiter seems amply justi- 
fied and has been fairly well accepted. 
From 12 to 30 per cent of all goiters could 
be so classified according to various re- 
ports. Some authors, however, prefer 
to limit the term, “intrathoracic,” to those 
goiters which extend down to or below the 
arch of the aorta. If this more rigid defini- 
tion is followed, incidence of intrathoracic 
goiter ranges from less than 1 to 10 per cent 
of all goiters operated upon.*''’"'*- 

Intrathoracic goiter arising from ectopic 
thyroid tissue deep within the mediastinum 
is quite rare. The case of Means’^ in which 
the mass rested on the diaphragm may fall 
into this category. From embrvologic con- 
siderations such glands should lie in close 
relationship to the aortic arch or possibly 
the tracheal bifurcation. They may or may 
not be connected with the thyroid proper 
by a fibrous cord.” 

Ptosis of the normal thyroid gland, or a 
slight dipping down of cervical goiter be- 
hind sternum or clavicles should not be 
classified as intrathoracic goiter, since 
only part of such goiters are at best 
subclavicular. 

Intrathoracic goiters develop when a 
single adenoma or one or more of the 
nodules of a multiple adenomatous goiter 
descend through the superior thoracic 
strait into the bony thorax. Most fre- 
quently intrathoracic goiters arise from 
adenomatous goiters, but occasionally a 
single discrete adenoma which once lav in 
the lower pole of one thyroid lobe will 
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descend into the thorax. The descent of 
these single or multiple nodules into the 
thorax depends first on their location in the 
gland. Obviously, a discrete nodule located 
in the superior pole of the thyroid gland 
would not find its way into the chest. 
When, however, the nodule is present in the 
lower portion of either of the thyroid lobes 
or of the thyroid isthmus, it maj^, as it 
grows in size, readily descend through the 
superior thoracic strait. One of the fac- 
tors that influences this descent is the rate 
of growth which usually is so slow that it 
requires years for the goiter to enter the 
thorax. It is, of course, occasionally true 
that a low-Iying discrete adenoma in a 
young person will have a hemorrhage into 
it, and since the least resistance to its 
expansion is in the downward direction, it 
will so descend into the chest. Whether the 
growth of these adenomas of the thyroid is 
rapid or slow, there is nothing but loose 
cellular tissue to restrict their descent into 
the thorax through the superior strait. 
Expansion in other directions is limited by 
muscles, fascia, vessels or bone. The 
descent of these low-lying adenomas is 
furthermore aided very markedly by the 
contractions of the stemomastoid muscles 
and of the prethyroid muscles that accom- 
pan}^ motions of the head and acts of 
respiration and deglutition and to some 
degree by the force of gravity itself. 

ANATOMY 

The anatomical relation of intrathoracic 
goiters is most important, not only in con- 
sidering the effects of these thoracic masses 
upon adjacent structures but also in the 
surgical management of their removal. It 
must be recognized that all, or practical!}'’ 
all, intrathoracic goiters lie in the closest 
association to the trachea, and this rela- 
tionship to the treachea is one of the impor- 
tant factors in their diagnosis and in their 
surgical management. It is perfectly obvi- 
ous, when one considers the origin of the 
intrathoracic masses from an adenomatous 
enlargement of the thtToid gland surround- 
ing the trachea, that the intrathoracic 


portion of the goiter may lie either to the 
right, to the left, in front of, or behind 
the trachea. Furthermore, in some cases the 
adenomatous mass may entirely encircle 
the trachea with extensions running back- 
ward from each lobe. Most commonly, 
intrathoracic goiters extend from the lower 
pole of either the right lobe or the left lobe 
of the thyroid directly doum along the 
trachea into the superior mediastinum. 
Less common, in fact quite unusual, is the 
type in which adenomatous nodules grow 
backward between the branches of the 
inferior thyroid artery and then go down- 
%Yard behind the trachea. This type is 
occasionally overlooked in goiter opera- 
tions because the intrathoracic portion lies 
out of sight behind the th3Toid lobe in the 
neck. 

The arterial supply to intrathoracic 
goiters comes from the same arteries that 
supply the normal thyroid gland. Both the 
superior and inferior thyroid artery have 
considerable slackness due to their winding 
course from the major arterial trunk to the 
th3'roid gland. This is most important, not 
only because it permits portions of the 
thyroid gland to descend with their arterial 
supply intact but also because it permits 
control of the blood suppl}'" of intrathoracic 
goiters b}' controlling the major th3'Toid 
arteries in the neck. The superior th3Toid 
artery, after it leaves the external carotid 
arter}', goes up the neck somewhat and 
then cuiA’-es downward to join the superior 
thyroid pole. The inferior thyroid artery, 
after it leaves the thyroid axis of the sub- 
clavian arter}', goes up the neck in quite a 
wide arch, and after passing beneath the 
carotid artery and the jugular vein at a 
level just below the superior th3Toid pole, 
descends along the gland and enters it in 
the lower or middle portion of the lobe. It 
is apparent from this distribution of these 
two major arteries that if structural 
changes in the thyroid gland occur, and the 
lobe or part of the lobe descends into the 
chest, there is sufficient laxits' in these 
arteries to permit them to descend with 
the lobe. Certainly there is nothing in their 
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anatomical arrangement which at the start 
of the descent of the goiter into the thorax 
exerts tension to hinder this process. The 
veins coming from the thyroid gland empty 
in large part into the internal jugular vein, 
and it seems to be possible for these veins 
also to elongate as part of the thyroid lobe 
descends into the thorax. Almost never 
have we had any significant venus bleeding 
from within the thorax when a discrete 
adnomatous mass was lifted out of the 
chest. The veins all come up with the mass 
and lead into the jugular vein at a level 
which usually is readily seen in the opera- 
tive wound in the neck. These anatomical 
arrangements of the arteries and veins are 
most important, then, in the surgical re- 
moval of intrathoracic goiters. 

The effect that the descent of thj-roid 
adenomas into the thorax has upon the 
recurrent laryngeal nerve will vary, of 
course, with the location of the thyroid 
mass before it starts downward into the 
chest. It is, nevertheless, true that in most 
instances, in spite of the presence of deep 
intrathoracic goiters, there is no vocal cord 
paralysis. In the past it has been said that 
when vocal cord parah'sis was present one 
could be quite certain that malignant 
degeneration of the intrathoracic mass had 
occurred. This, howe\-er, we now know to 
be a mistake, because we liaA’e several 
times seen preoperative paralysis of one 
cord in the presence of large substernal 
goiters in which there was no evidence of 
malignancy. Whether the substernal goiter 
pushes the recurrent lar^mgeal nerve back- 
ward as it descends, or in occasional cases 
in which the goiter descends between 
branches of the inferior thyroid artery, 
presses it forward, will of course depend on 
the point of origin of the goiter. It is our 
experience, however, that in most cases the 
recurrent ner\'e is pushed backward and is 
well out of the way of the surgeon at the 
time of the operation. 

PATHOLOGY 

Most intrathoracic goiters, as we have 
said, arise from a multiple adenomatous 


I5B 

goiter, or the so-called nodular goiter. Less 
often they result from the descent into the 
thorax of a single discrete adenoma. Which- 
ever of these two basic pathological factors 
is present, the intrathoracic goiter is sub- 
ject to the same degenerative changes that 
may occur in a goiter which is entirelj' 
cervical in location. 

Hyperplasia of the intrathoracic th3froid 
tissue can occur, and in fact, not infre- 
quently does. This results in the develop- 
ment of toxic sjTnptoms, and we have a 
clinical picture here verj*^ little different 
from that seen in toxic adenomatous goiter 
when it is in the usual position in the neck. 
Degenerative changes maj* occur in the 
substernal mass with necrosis, hemorrhage 
and C3'st formation. Occasional!}', such 
cj^sts become ver}’^ large and produce ver}^ 
serious pressure sjmiptoms. Calcification in 
varjfing degree ma}' occur in the intra- 
thoracic goiter, presumabl}'’ because intra- 
thoracic goiters are goiters which have been 
present for man}' years. In some cases 
malignant degeneration occurs just as it 
does in nodular goiter in the neck. The 
malignancy may be diffuse, invading all the 
structures and going outside of the thyroid 
capsule, or it may be localized within a 
discrete adenoma. It may be of any of the 
types that one sees in thyroid pathology in 
the neck. 

PHYSIOLOGY 

Changes in the physiology due to the 
presence of an intrathoracic goiter are 
related first to the possibility that hyper- 
thyroidism has developed because of hyper- 
plasia in the intrathoracic mass. This 
hyperthyroidism is in no way different, in 
our experience, from the hyperthyroidism 
that comes from nodular goiter in people of 
middle life and beyond. Its presence, of 
course, adds distinctly to the risk of re- 
moval of the intrathoracic goiter, just as 
the presence of hyperthyroidism adds 
appreciably to the removal of any large 
goiter. 

The changes in the physiology which are 
specifically related to the anatomical posi- 
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tion of the goiter in the thorax are all 
changes which are due to the presence of an 
intrathoracic mass, and depend on the 


rowed that the patient has a constant 
stridor on inhalation. In certain instances 
the patient finds that there are certain 



Fic. I. (L. Y.) This .interopostcrior x-ray exposed for soft tissue x’isualization shows the 
trachea bowed to the left and narrowed to less than half normal size by the pressure of 
a single large intrathoracic adenoma arising from the right lobe of the thyroid. Tilting 
of the iarxnx away from the affected side is well demonstrated. 


pressure of this mass on the surrounding 
structures. The trachea is the earliest 
organ to show the effect of this pressure. It 
is deviated from its midline position b}' the 
presence of the substcmal mass. If the 
substcrnal mass lies on both the right and 
the left side of the trachea, then it is, of 
course, narrowed by this bilateral pressure. 
If the goiter lies behind the trachea, the 
trachea may be broadened laterally and at 
the same lime its lumen narrowed antero- 
pnstcriorly by the enlarging goiter forcing 
it acainst the sternum. A similar condition 
may arise when the goiter iic.s in front of 
the trachea and pu.shes the trachea bach- 
%\ard toward the spine. The degree of 
tracheal pressure will, of course, depend on 
the si/e of the substcniai coitcr and the 
.rmount of tr.'.chca! dexiation pre-ent. In 
••i>me case- the trachea beenme.- so nar- 


positions of the head in which pressure on 
the trachea is ver3' much increased and he 
consciously avoids these positions. Thus we 
have patients who cannot sleep with their 
head bent sharph- forward because this 
obstructs their breathing. Others cannot 
lie on one side or the other in bed because 
again the trachea is bent over the sub- 
sternal mass and is dcfinitelx narrowed by 
this mechanical change in its position. It is 
interesting to observe that very rarel.x docs 
a substcrnal goiter affect the cour^ic of the 
esophagus. 

Physiological effects from the presence 
of an intrathoracic mass rarclx make an\ 
changes on the recurrent laryngeal nerxe 
or other nerves in the neck. In a few in- 
stances, however, unilateral xocal cord 
paralysis has occurred in our c\pcrience 
probably due to stretching of the recurrent 
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laryno-eal nerve. Tlie presence of this individuals that pufFiness of the face and 
paralysis in the recurrent nerve may not be duskiness of color are distinctly noticeable 
recognized by the patient and will be found and very large dilated veins are plainly 



Fig. 2. (M. R.) An obliquely lateral -t-ray in this case demonstrates 
deviation of the trachea backi%ard with compression by an intra- 
thoracic goiter at level of the manubrium sterni. At one point the 
trachea is narrow ed to one-third normal diameter. The size of the 
soft tissue mass is clearly shown. 


only bj* routine examination of the vocal 
cords. In other instances, however, goiter 
patients consult the physician because of 
the fact that they have recently developed 
hoarseness and this may be the first symp- 
tom of a substernal goiter. 

In patients who have very large intra- 
thoracic goiters, there is sufficient pressure 
of the goiter against the venous structures 
coming dovii through the superior thoracic 
strait to produce definite engorgement of 
the veins in the neck and o^’er the chest 
wall. Such venous engorgement is very 
marked in certain large goiters, and yet, 
curiously enough, in other deep intra- 
thoracic thyroid tumors there will be little 
or no venous engorgement. The venous 
engorgement may be so marked in some 


visible over the neck and upper anterior 
chest wall. 

DIAGNOSIS 

The diagnosis of intrathoracic goiter can 
be made, not infrequently, from careful 
consideration of the patient’s history, but 
in man}'^ instances it is made only bj'^ clini- 
cal and -v-ra}^ examination. The clinical 
symptoms that are suggestive of intra- 
thoracic goiter are varied, but most of 
them are the result of pressure of the intra- 
thoracic mass on the trachea, on veins or on 
the recurrent larjmgeal nerve. 

Occasionally, a patient is seen who saj^s 
that she had a goiter many years ago, but 
that it “disappeared.” When a definite 
sizeable mass in the area of the thyroid 
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Fic. 3. (M. C.) In the anteroposterior .v-ray (a) of this patient, the trachea is barely visualized, but appar- 
ently nearly in the midline. A soft tissue mass is shown c.\tending below the aortic arch, particularly on the 
right. A lateral film (b) demonstrates marked anterior deviation of the trachea with narrowing of its lumen. 
Barium sw.allow (c) indicates that the goiter lies behind the esophagus also, this structure being pushed 
forward with the trachea. 
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“disappears,” one may be very suspicious hoarseness, and not infrequently the dis- 
that it has descended through the superior covery of paralysis of one vocal cord by a 
thoracic strait and so passed from view, pltysician, leads to the search for a possible 



Fig. 4. (A. F.) Deviation of the trachea back\%ard and to the right bj the pressure of an intrathoracic goiter 
are shown (a) in the lateral and (b) anteroposterior \-rays. These are the usual views taken in \-ray diag- 
nosis of intrathoracic goiter. 


More commonly the patient’s bistort' states 
that there has been an increasing sense of 
pressure in the throat. Occasionalh*, this 
pressure takes the form of a lump in the 
throat which is noticeable when solid foods 
are swallowed. In well developed intra- 
thoracic goiters the patient notices very 
definitely the stridor and difficulty of 
breathing that accompany narrowing of 
the trachea. 

When the intrathoracic mass lies on one 
side of the trachea and pushes the trachea 
well away from the midline, the patient will 
not infrequently state that when she lies 
with her head on the side at which the 
goiter is, she has obstruction in breathing; 
and when she lies with her head on the side 
away from the goiter, there is less trouble 
in breathing. The mechanics of this ar- 
rangement are perfectly logical and readily 
understandable. 

In some patients the development of 


substernal goiter. In other instances the 
gradual development over a period of years 
of increasing! 3”^ large veins at the base of the 
neck and over the upper chest, likewise 
show the possible presence of substernal 
goiter. 

In some individuals the development of 
hA'perth^'roidism, in the absence of anj- 
apparent goiter in the neck, nia}’ lead the 
phj’sician to search for a substernal goiter. 
The presence of real hj'perthj’roidism with 
no palpable enlargement of the th3'roid 
gland in the neck should make an3' ph3'si- 
cian consider the possibilit3" of an ade- 
nomatous goiter beneath the sternum in 
the mediastinum. 

The ph3'sical signs that accompan3^ the 
presence of substernal goiter are varied. In 
the normal individual one can, with con- 
siderable practice, palpate the upper pole 
and the lower pole of both the right and 
left lobes of the th3-roid. If the th 3 ’roid is 
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enlarged, this palpation of the poles is 
much simpler. If then, in the presence of an 
adenomatous goiter, one can feel the supe- 
rior pole on each lobe, and the inferior pole 
on one side, but is quite unable to get 
beneath the inferior pole and feel its lower 
borders on the other side, he at once be- 
comes suspicious, if not certain, that there 
is a substernal extension and an intra- 
thoracic goiter. 

In some patients there is a discrete ade- 
noma beneath the sternum which rises in 
the neck when the patient coughs or sneezes 
or in any other way increases the intra- 
thoracic pressure. This ability of a discrete 
adenoma in the superior mediastinum to 
rise up into the neck is not commonly seen 
but when present is diagnostic. Intra- 
thoracic goiters, when one can palpate their 
superior borders or watch them with the 
fluoroscope, move up and do^vn with 
deglutition just as do goiters in the neck. 
This movement with deglutition helps to 
differentiate the intrathoracic goiter from 
intrathoracic dermoids or other tumors. 

We have never found percussion of the 
superior mediastinum and increase in the 
dullness of this area of great help to us in 
the diagnosis of substernal goiter. Most 
substernal goiters show, in some degree at 
least, in the neck, or can be palpated in the 
sternal notch or just to one side beneath the 
stemomastoid. When such a mass is felt 
and when it rises with deglutition, percus- 
sion may help the examiner in deciding 
that there is a larger mass beneath the 
sternum. 

The diagnosis of substernal goiter can 
almost invariably be made by satisfactory 
and adequate .v-rays of the superior medias- 
tinum. The .v-ray technician must under- 
stand that his pictures must be sufficiently 
soft to show the outline of the trachea, and 
the patient must have the trachea filled 
with air and hold his breath while the 
picture is taken. It is very important that 
not only anteroposterior views of the 
trachea and the superior mediastinum are 
taken, but also that lateral views as well are 
obtained. 


A discrete adenoma lying just beneath 
the manubrium of the sternum and directly 
on the trachea may make no great impres- 
sion on the anteroposterior picture of the 
trachea, and certainly the trachea will not 
be deviated either to the right or the left of 
the midline. However, a lateral view of the 
trachea in this same case will show its 
marked deviation posteriorallj^ due to the 
presence of this goiter in front of it. A 
similar situation is obtained when the 
goiter is behind the trachea and pushes the 
trachea forward rather than laterally. In 
some instances .x-rays are taken while the 
patient is swallowing a barium mixture, in 
order to show the relation of the esophagus 
to the trachea and to the goiter. This has 
been very helpful to show the position of 
the intrathoracic mass. In manj’^ cases of 
intrathoracic goiter, the goiter itself will 
not show in the x-raj’’ and its presence will 
be knovTi only because of its deviation 
from the normal position in the midline of 
the trachea. In other cases, however, when 
the goiter is very large or when it contains 
much calcified material, the actual shadow 
of the goiter itself will be visible; and as 
.x-ray technicians become more expert in 
their tracheal pictures, the actual shadow 
of the goiter is more likely to appear in the 
plates. 

TREATMENT 

The treatment of intrathoracic goiter is 
surgical removal, and it is unnecessary to 
state that the earlier in the course of 
development of a substernal goiter surgery 
is undertaken, the easier, simpler and safer 
is the surgical procedure. 

It has been surprising to us to note in 
many instances the size of intrathoracic 
goiters that can be removed through the 
superior thoracic straits without cutting 
the sternum or freeing the sternoclavicular 
articulation. In fact, the senior writer in his 
entire experience has never had occasion to 
enlarge the bony thoracic strait for the 
removal of a substernal goiter, nor has he 
yet encountered such a large noncancerous 
intrathoracic goiter that it could not be re- 
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moved without enlarging the bony thoracic 
straits. 

The anesthesia for the removal of intra- 
thoracic goiters is, of course, of the utmost 
importance. Here particularly is it neces- 
sary to have an anesthetist trained in goiter 
surgery, and adept in handling the specific 
problems that arise when a trachea is 
distorted in position and narrowed in its 
caliber. We now prefer, and routinely use, 
intratracheal anesthesia with cyclopropane 
and oxygen for anesthetic agents. This is 
the most satisfactor}'^ arrangement in our 
experience. The onl}”^ objection to it, and it 
is not a serious one, is that the intratracheal 
catheter is somewhat stiff and somewhat 
resistant when one is attempting to dis- 
locate the intrathoracic mass; and it does 
not bend and give as much as the trachea 
would if the catheter were not inside of it. 
However, the fact that anoxemia cannot 
occur and that the patient’s respiratory 
process is under the control of the anes- 
thetist, far outbalances the slight mechani- 
cal objection to the catheter in the trachea. 

The first requirement in the surgical 
removal of an intrathoracic goiter is a wide 
incision. The usual transverse cervical inci- 
sion is made above the clavicle, the skin 
flap lifted and the muscles split in the 
midline longitudinally. The sternomastoid 
is then freed from the prethyroid muscles 
on each side, and the prethyroid muscles 
are clamped and cut on each side, even 
though the substernal goiter is present on 
only one side. This cutting of the muscles 
on the uninvolved side is not necessary in 
small tumors, but in large growths it is very 
helpful, because it gives a great deal of 
freedom for the lobe of the thyroid on that 
side to move when the manipulations for 
the extirpation of the goiter in the chest are 
going on. 

When the field is thoroughly exposed by 
wide cutting of the prethyroid muscles and 
thoroughly dry, a careful exploratory finger 
is placed along the posterior surface of the 
capsule covering the intrathoracic goiter. 
Gentleness is most important at this stage, 
and as the finger sweeps around the capsule 


and comes forward, one meets the venous 
trunks which run from the goiter to the 
jugular vein. If the finger is gently hooked 
onto these, they can be caught with snaps, 
cut and tied at once. This relieves a great 
deal of the bleeding which might otherwise 
be present if the goiter were quickly extir- 
pated. In some instances it is desirable to 
catch, cut and tie the superior thj^oid 
artery in order to gain greater freedom of 
motion of the involved lobe of the gland. 
This, however, is by no means always 
necessary. 

With the veins now tied, the finger is 
gently swept around the substernal mass 
keeping most carefully and gently in the 
proper line of cleavage. If one gets away 
from this, hemorrhage occurs or one breaks 
into the pleural cavity. Therefore, it is most 
important that adequate time and gentle- 
ness be employed at this stage to free the 
capsule of the mass from the adherent 
surrounding tissue. In some cases, at this 
stage of the procedure, the goiter can be 
somewhat lifted forward and the inferior 
thyroid arter}" seen, caught, tied and cut. 
In other cases, however, one cannot get at 
the inferior arter}’' until the mass is full}'’ 
delivered from the chest. 

When the intrathoracic mass is delivered 
into the neck, a wet gauze pack is imme- 
diately slipped do’SMi into the cavity from 
which it came. This is done to prevent an}^ 
sudden expulsive cough from causing undue 
pressure on the pleura and rupture of the 
pleural cavity, and also to control any ooze 
from nearby veins that may be occurring. 
With the goiter now delivered into the neck 
and in clear vision, the course of the inferior 
thyroid artery can usually be seen, and 
occasionally the recurrent laryngeal nerve 
can also be seen and more thoroughl}'^ 
avoided. Usually, however, the nerve is not 
seen, and one proceeds at once with the 
removal of the intrathoracic mass. Due 
care is taken to avoid injury to the trachea 
which one must recall may well be distorted 
by the delivery of the tumor. Also, great 
care must be taken to inspect the surface of 
the mass for parathyroids and to protect 
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liu'M* .ind If.iM- them hrhiiu! as unr 
])tiH’t'ctk uilh tiu‘ rNcivitin t.l' ilu- 

W lu'Ji l!u' iiUiathi'i.uif t is rcn»i>\itl 
and hfinoslasls is tinnplito, a rinau-lti- 
drain v. 1th a \ot% small ammnu nf •■aii/c 
ptoitudin" is jdan-d into tin* intiatimiat ii 
«.-a\il\ from uhirlr the ttoilrr lainr. Alninst 
lU'xcr has it i>rt n mccs'.at\ ii>i »is ti> paid, 
this ca\ll\ with pau/c, hut .i ihain is 
di-siia!>h‘ hic.insi- ni't Infriiiiu-iuK srto- 
sanpuim-uus Ihiid will t>i!lfi't in tin- r.t\it> 
and h.Uf to lie u-U.isi-d il dr.iina'T i-^ nut 
instituti'ii .it opciatiun. It (s mir iiistom to 
start pnllinp tin* drain unt sluwK un the 
irnirllr d.iy and to h.i\e it lornplitciv 
riino\ cd on the si\th or se\ errth day, itnless 
iindne amount of disiliarpe is present. 

.As we ha\e said in-lore, most snhstern.d 
poiteis e.in he tieiivered intait without an\ 
rnjJtirre oftiie eapsitle that stirroiituls them, 
d'his is made jiossilrle Iry penile, slow dissec- 
tion with the linpers whicii lin.diy eircom- 
f);iss the entire poiter, and then the shni 
deliverance of lire poiter hy a finpor 
l)eneath the h'werttrosi pole. Occasionally, 
however, tile poiter is so large that it can- 
not he hrouplil thronph liic sniierior 
thoracic strait intact, and one can tfien 
readily pul a linper thronph the caiwule at 
the ujjper portion of the Intrathoraeie mass 
and rupture it, perniittinp the soft, jell\- 
likc contents to oo/e out. When this has 
happened, the mass heeonies much smaller 
and then aimo.st invariably can he teased 
up throuph the superior thoracic strait. 
The hlcctling which accompanie.s this rup- 
ture of the capsule is not great nor trouble- 
some and is readily controlled when the 
entire tumor is delivered and the major 
blood vessels arc caught and tied. 


C ON'Cl.fSIONS 

Intiathuraiie poiter is not .-in infrequent 
dise.isf and one wiiji possibly serious 
eifeits ii not recnj;ni/ed .-ind treated sulti- 
tienth e.iils. 

(.ert.iin le.ilures o| the fiistory and 
pin sit .(1 e\amiii;!lion usualh' suffpest the 
jiresetut- f>f intr.ithoraeie poiter. The .\-ray 
oib-Js ijjjport.int anti fretjuently diapnostic 
inlonn.ition In lesealinp tieviation and 
lonipressioi) ol tlie trachea and Ic's often 
tiu- soft tissue m.iss e.iusinp this. 

\S’itii f.iree\eej>tions inirathoraciepoiters 
m.i\ be remo\ed safi-ly by appropriate 
siirpie.d methiKls. 
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CARCINOMA OF THE LUNG AS A SURGICAL PROBLEM=^ 

Richard H. Overholt, m.d. 

boston, MASSACHUSETTS 


A SOLID front must be developed 
among forces fighting a disease 
v'hich gives quarter for a short time 
in its life history and then invariably causes 
death. All members of the profession must 
be on the alert at all times for cancer which 
may still be in its early stage. Cancer of the 
lung is no exception. \Ve cannot be held to 
task so definiteh' for the lives of patients 
who have metastatic disease when they 
first consult us. For that group our educa- 
tional program may be at fault. There are 
also those unfortunate few whose malig- 
nant lesion progresses to the incurable 
stage without the production of symptoms. 
The profession cannot escape its responsi- 
bility, however, to that large group of 
patients who come to us for help while their 
pulmonary cancer is still confined to its 
original site. 

From a practical point of view right now, 
doctors can help patients with cancer of the 
lung more effectively by first, speeding up 
the mechanism of discovery; second, agree- 
ing on proper management for the patient 
who has either a suspected or proved can- 
cer; third, appraising the condition of the 
patient properly as to operability; and 
fourth, recognizing the value of surgical 
exploration in patients presenting presump- 
tive evidence of cancer but in whom the 
diagnosis is unverified histologically. It is 
the purpose of this paper to discuss primary 
cancer of the lung as a surgical problem 
with particular reference to these four 
points. A r&ume will be given of the results 
of a clinical study in 174 patients suspected 
of having pulmonarj* carcinoma in whom 
tissue verification was obtained in 127. 

PROGRESS ANTICIPATED IN EARLY 
DISCOVERY 

^^^len contributing factors to early dis- 
covery of cancer of the lung are weighed in 


the balance, the scales tip well toward the 
hopeful side. There are four factors upon 
which an optimistic point of view is based. 
(1) The frequency* of cancer of the lung will 
force the profession to be constantl}'^ on the 
lookout for it. (2) Early telltale symptoms 
do develop which will give the first doctor 
consulted a clue as to a possible organic 
chest lesion. (3) The chest lends itself well 
to contrasting shadows on the .v-ra}' film 
and will yield presumptive evidence of an 
early lesion. (4) In the earliest stages the 
majority of the growths can be diagnosed 
with certainty. Three-fourths of the lesions 
originate in one of the main bronchi 
and are visible and can be biopsied 
bronchoscopicalhL 

General interest in cancer of the lung is 
being forced upon the profession b}"- the 
established fact of its frequenc3% Malig- 
nancy in this location is now near the top 
of the list as a cause of death from cancer. 
Even as late as five years ago, autops}’ 
statistics seemed unbelievable when it was 
reported that carcinoma of the lung ac- 
counted for 10 per cent of all deaths caused 
bj’ cancer, and was exceeded only b}' lesions 
which originated in the stomach and colon. 
An absolute as well as relative increase in 
the frequenc}' of cancer of the lung is gen- 
eralh^ conceded. Ochsner and DeBake}^^ 
after making a surve}”^ on the relative fre- 
quenc}' of various types of cancer, stated, 
“During the period 1920-1936, inclusive, 
the incidence of cancer of the stomach and 
duodenum, of the liver and gall bladder, 
and of the uterus and of the skin showed 
little, if aii}^ increase. The incidence of 
cancer of the lung showed a progressive rise 
throughout the United States.” The}- found 
the death rate for carcinoma of the lung in 
1936 to be 3.6 per hundred thousand, 
whereas in 1920 the rate was onl}'^ i.i. 
These authors also reported that cancer of 
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the lung as found at necropsj' in the Char- 
ity Hospital in New Orleans had increased 
five times in the past seven years. In 1938, 
as a cause of death, cancer of the lung even 
exceeded cancer of the stomach in fre- 
quency. Together with the numerical in- 
crease in cases coming under clinical 
observation, the literature on the subject 
has swelled tremendousl3^ No doctor will 
be permitted to forget that the lung is a 
common site for malignanc3^ 

The first factor then which will speed up 
the mechanism of earlj^ discoverj^will be the 
development of a full appreciation of the 
possible presence of malignancy in any 
patient complaining of chest s^miptoms. In 
the past there has been too long an interval 
between the time the doctor first saw the 
patient and the time when he began to 
suspect that there might be a serious 
organic lesion. In our series of cases, records 
show that the average interval between the 
time of the first visit to a doctor and the 
first •v-ra}’’ was six and one-quarter months. 
This interval can be shortened to a matter 
of daA's or weeks, instead of over one-half a 
year. 

SY.MPTOMS AND PHYSICAL SIGNS 
NOTABLY UNRELIABLE 

^^Tat is the clue to possible earlj'’ cancer 
of the lung? The great majority of patients 
who harbor primarj^ malignancy of the lung 
do have symptoms which point the diag- 
nostic finger at the chest. Ninety-eight per 
cent of the patients in our series complained 
of some chest symptoms, and the great 
majority' of the chest symptoms came earty 
in the course of the disease. 

The studj"^ of frequency" and sequence of 
sjTOptoms bj"- various authors has resulted 
in common agreement on the following 
points: (a) There is no characteristic s3TOp- 
tom complex in carcinoma of the lung. The 
condition may simulate man3f other dis- 
eases of the lung, (b) Chronic cough is by 
far the most frequent and therefore the 
most important of all S3'mptoms. If there 
has been an habitual cough for 3"ears, a 


change in the character and frequency of 
the cough is significant. Eighty-seven per 
cent of the patients in our series complained 
of cough, (c) Attention may be first 
directed to the chest b3^ s3'mptoms of a 
respirator3' infection of a chest cold. Per- 
sistence of s3’mptoms, signs, or .v-ra3' 
changes ma3'^ be indicative of bronchial 
occlusion and tumor, (d) Important, but 
less frequent s3miptoms, are hemoptysis, 
chest discomfort or pain and wheezing. 
Gastrointestinal disturbances ma3' be pres- 
ent especiall3’’ if the left lower lobe bronchus 
is involved, (e) D3'spnea, weight loss and 
s3'-mptoms related to accumulation of fluid 
in the pleural cavity are late signs. There- 
fore, such S3'mptoms need not be discussed 
in a consideration of earl3" diagnosis. 

It has been our e.xperience that carci- 
noma of the lung has been mistaken for 
tuberculosis more frequentl3" than an3' 
other pulmonar3' disease. Other erroneous 
diagnoses were also made, such as unre- 
solved pneumonia, bronchitis, asthma, 
pleurisy and emp3'^ema. 

Just as there is no definite S3'mptom 
complex in earl3’ malignanc3' of the lung, 
there are no distinguishing ph3'sical signs. 
In fact, small peripherally situated groYThs 
are notable for producing no abnormal 
signs. Stem bronchus tumors occluding but 
one of the lobular divisions ma3" not 
produce abnormal ph3’^sical signs, ^^^^en a 
main bronchus or one of its lobar branches 
is involved, variable signs are produced 
depending upon the degree of obstruction 
and the presence or absence of secondarx' 
infection. It should, therefore, be empha- 
sized that ph3''sical signs in earl3" carcinoma 
of the lung are variable and unreliable. 
Their absence should not excuse the first 
doctor consulted in arranging for a chest 
.v-ra3L The presence of ph3'sical signs, sug- 
gesting congestion, consolidation, fluid, 
unresolved pneumonia, bronchitis, asthma 
or tuberculosis does not necessaril3" rule out 
maIignanc3L An3'^ abnormal ph3'sical sign or 
an3'- persistent s3'mptoms relating to the 
chest call for further investigation. 



New Series Vol. LIV, No. i 


Overliolt Carcinoma of the Lung American journal of Surgery 1 63 


CHEST ROENTGENOGRAMS ESSENTIAL 

The structure of the lung creates an 
unique position for it among internal 
organs in respect to early detection of 
cancer. The density of the expanded lung 
is less than any other soft tissue organ. 
Therefore, it lends itself better than anj^ 
internal organ to .v-ray scrutiny. Minute 
lesions in' peripheral portions of the lung 
field will cast a shadow. Small stem bron- 
chus lesions whose direct shadow is ob- 
scured by trunk markings soon occlude a 
major bronchus or one of its subdivisions. 
Either lobar or lobular atelectasis results, 
which gives itself away on the chest film. 
In our experience, the x-ray revealed some 
abnormal shadow, either the discrete 
shadow of the tumor, an enlarged hilar 
shadow, or altered density due to atelecta- 
sis in 96 per cent of the cases. Discrete 
shadows of the tumor itself or massive 
atelectatic shadows are so striking that the 
doctor is usually induced to institute fur- 
ther investigation immediately. 

It should be emphasized, however, that 
as more and more patients are studied b}’ 
-Y-ray early in the course of the disease, the 
number of negative films or those which 
show but minor changes will increase. For 
example, a very small stem bronchus lesion 
which has not totally or partially occluded 
the bronchus may not produce either 
atelectasis or localized emphysema. In 
these cases, the x-ray would be negative. 
Occlusion of a branch bronchus and atelec- 
tasis of only a segment of a lobe may give a 
very confusing shadow or one that might 
be missed altogether. In Figures i and 2 are 
shovTi reproductions of x-rays which illus- 
trate this point. In the first case, atelectasis 
of a portion of the right lower lobe might 
have been easily overlooked or confused 
with bronchiectasis. In the second case, the 
distribution of the tumor in the upper lobe 
simulated tuberculosis. The routine use of 
the x-ray in the examination of all patients 
with any chest symptoms is essential. The 
profession should profit from the experience 
gained in the findings of tuberculosis cases. 


After many long years, it is now recognized 
that sj'mptoms and physical signs in chest 
disease are not reliable. In order to find 



Fig. I. Roentgenographic appearance of early 
stem bronchus carcinoma. Note slight in- 
creased density of lung field in right cardio- 
phrenie region, and slight displacement of 
mediastinum and heart to that side. The lesion 
took origin in the bronchus of the right lo^Yer 
lobe causing only partial occlusion. Mr. A. F., 
age sixty-seven, was referred by Dr. J. Mc- 
Namara, Taunton, Massachusetts. A chronic 
cough followed a chest cold seven months 
before admission. The sputum was at first 
scanty, then became more productive but was 
of a thin, clear, mucoid character, occasionally 
tinged with blood. Three months before ad- 
mission the patient noticed a wheeze which 
appeared with increased activity. Broncho- 
scopic biopsy revealed an epidermoid car- 
cinoma, Grade n. Exploratory' thoracotomy 
was done on June 25, 1940, and tumor cells 
could not be demonstrated in the mediastinal 
glands. A right pneumonectomy was success- 
fully performed. The patient was discharged 
on the twenty-sixth postoperative day after 
an uneventful convalescence. 

minimal cases of tuberculosis, people who 
have had contact with known cases and 
selective groups of the population must be 
surveyed by x-ray. In the detection of 
pulmonar}- cancer, we are not confronted 
with screening large numbers of apparently 
healthy individuals, but efforts should be 
centered upon that portion of the popula- 
tion who complain of chronic chest S3mip- 
toms, notabl}’- cough. 
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the number of early stem bronchus lesions 
discovered will be in direct proportion to 
the frequency with which bronchoscopic 


as an atelectatic shadow, enlarged hilar 
shadow, or opacity in the periphery- of the 
lung field, bronchoscopy followsj imme- 
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examination is carried out as a routine in 
all patients with bizarre chest complaints 
and abnormalities by .v-ray. 


diately. If the -v-raj* is negative and unex- 
plained symptoms persist, bronchoscopy is 
still indicated. 


SPEEDING UP MECHANISM OF EARLY 
DISCOVERY 

An attempt has been made to show the 
important factors which will operate to 
speed up the mechanism of early discovery. 
A small tumor originating in the sensitive 
mucosa of one of the stem bronchi soon 
produces a chronic cough. This cough is an 
irritative, hacking and persistent one, 
which forces the patient to consult a doctor. 
The possibility of cancer is on the mind of 
the first doctor consulted. An .v-ray is 
taken. If an abnormality is found such 


THE SUSPECTED CASE — .A SURGICAL 
PROBLEM 

A positive bronchoscopic biopsy brings 
that patient up to the point of appraisal for 
operability and curative treatment. The 
patient suspected of having cancer, whose 
bronchoscopic examination has been nega- 
tive, has been carried but half wav along 
the path to early discovery and possible 
treatment. Failure to obtain a broncho- 
scopic biopsy should not be a cause of 
delay. The patient should not be permitted 
to slip into the hopeless group. The problem 
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for cither the proved or suspected case at 
this point is still a surpical one. Many 
patients whose clinical investipations have 
been carried throuph this far strike a snap 
because opinions dilfer as to what the next 
step should be. Too often, the patient is 
advised to wait for absolute evidence of 
malignancy in order that surpery may in 
some way be avoided. While time is bcinp 
used to wait for chanpes which make a 
diagnosis histologically positive, the pa- 
tient may be robbed of his only opportu- 
nity for cure. Furthermore, many patients 
today with both proved and suspected 
malignancy are given .x-ray therapy as the 
initial form of treatment. Many times, 
surgical treatment is not given considera- 
tion until after it has been demonstrated 
that the lesion has progressed in spite of 
radiation. Then, too often, nothing can be 
accomplished surgically. The criterion for 
the application of .x-ray treatment should 
not be based on just the suspected or 
proved diagnosis of primary carcinoma of 
the lung. The true criterion for the applica- 
tion of -X-ray treatment should be based on 
the establishment of the fact that the 
growth has spread beyond the lung, and is 
therefore, inoperable. In other words, the 
patient should be considered a surgical 
problem until inoperability has been estab- 
lished beyond a reasonable measure of 
doubt. Radiologists arc almost in complete 
agreement that the great majority of 
primary bronchiogenic tumors are radio- 
resistant. In a recent report on the present 
state of radiation therapy. Dresser'' stated: 
“Carcinoma of the bronchus is usually not 
responsive to radiation although there is an 
occasional rare exception.” Graham® has 
stated, “I have been unable to find any 
incontro^'ertibIe evidence that up to the 
present time any case of primary bronchial 
carcinoma has been cured by radiation 
therapy.” 

Recently, Steiner® studied the mi- 
croscopic effect of roentgenotherapy on 
twenty-one patients who had been treated 
and all studied at autops3^ Doses up to 
5,000 roentgens did not destroy the cancer 


as judged by microscopic standards. Survi- 
val in the twenty-one patients treated was 
1 1.9 months as compared to 10.5 months in 
fifty-three nontreated patients. 

It is significant that not a single radiolo- 
gist reporting experiences on radiation 
therapy of primary lung cancer recom- 
mends its use in operable cases. At the 
present state of our knowledge, radiation 
can be used with justice only for those 
patients in whom inoperability has been 
established. Patients with suspected or 
proved primary carcinoma of the lung are 
.surgical problems until proved othcr%visc. 

APPR.XISAL FOR OPERABILITY 

In appraising a proved case of cancer of 
the lung from the standpoint of surgical 
treatment, there arc certain evidences that 
should be considered as positive, others as 
presumptive evidences of inoperability. 
Quite obviously, the greatest single fact 
which determines operability is the pres- 
ence or absence of an extension of the 
tumor beyond the lung. Theoretically, 
absolute proof of metastatic disease can be 
given only when metastatic tissue is 
examined microscopically. Frequently, it is 
impossible to verify metastatic disease 
histologically. The following clinical signs 
appear most frequentlj’ in evidence of 
inoperability: (1) Frozen mediastinum 
as determined bronchoscopically; enlarged 
mediastinal glands without signs of fixation 
are not always involved in a metastatic 
process; (2) tracheal or contralateral bron- 
chial involvement; (3) enlargement of 
lymph glands (cervical glands most fre- 
quently) proved to be involved by biopsy; 

(4) metastasis to the contralateral lung; 

(5) metastatic lesions to bones on unques- 
tionable roentgen ray evidence or biopsy; 

(6) engorged veins of the neck and upper 
chest; (7) enlarged liver or jaundice; (8) 
advanced age; and (9) Complicating dis- 
ease which within itself will prove to be 
fatal. 

At one time, we were of the opinion that 
patients should not be accepted for surgical 
exploration if certain presumptive signs 
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were present. Paralysis of the diaphragm mcnl. We ha\ c seen one such patient, 
usually means iniiltration of the phrenic Vocal cord paralysis also strongly suggests 
nerve and widespread mediastinal involve- the possibility of mediastinal in\-asion. 
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Fig. 4. CIinic.lI chart showing record of tempcr.ature, pulse and respirations before and after total 
pneumonectomy. There was evidence of sepsis as well as a bronchial occluding cancer. Mr. 
M. S., age fifty-one, was referred by Dr. J. G. Adams of Salem, Massachusetts. A chronic cough 
developed four months previous to admission. The sputum was clear at first, later blood-streaked 
and mucopurulent. For two months the patient complained of profuse sweats, weakness and a 
weight loss of twentj- pounds. Upon bronchoscopy an epidermoid carcinoma Grade 11 was found 
which parti.ally occluded the left upper lobe bronchus. Considerable purulent material could be 
seen coming from beyond the lesion. The white blood count was 21,100. Left pneumonectomy 
was performed on June 6, 1941, and the patient w.as discharged from the hospital twenty-seven 
days later after a satisfactorj' convalescence. 


ment. However, in one instance in which 
there was diaphragmatic parah'sis, explora- 
tion was done and no mediastinal extension 
was found. Reservations must also be made 
in regard to clear pleural fluid free of tumor 
cells. Usually, a pleural efl'usion comes as a 
late manifestation of cancer after medias- 
tinal lymphatics have been blocked. How- 
ever, an occasional patient may have an 
eflusion and still show upon exploration no 
evidence of mediastinal glandular involve- 


Such a finding was encountered in three 
patients. All gave other evidences of 
inoperability and they were not explored. 

Evidences of sepsis do not necessarily 
contraindicate pulmonar}* resection. Over 
one-half of all patients with primar}- carci- 
noma of the lung in our experience have 
shown eft'ects of an associated lung infec- 
tion. The toxic manifestations of a smolder- 
ing infection or suppuration distal to the 
occluding lesion maj’- so prostrate the pa- 
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Fig. 5. Long standing disease \\hich proved to be operable four years after onset of sjmptoms 
and five months after malignancy was first established. Note enlarged hilar shadow in 1936 
film. Four years later there was a marked shift of the trachea to the left with an irregular densitj 
of the lung field. The photograph was taken sL\ weeks after operation. Note freedom of de- 
formity. A drawing of the sectional surgical specimen is shown. Note a well circumscribed mass 
w hich measured 6 by 4 by 4 cm. The small drawing shows the appearance of the left main stem 
bronchus which has been divided just above its first division in order to show the intrabronchial 
portion of the tumor. Dr. 1 . 5 ., age forty-eight, was referred by Dr. P. G. C. Bishop, New York 
City . The patient had been having influenza-like episodes and attacks of bronchitis for a period 
of four years. The most recent attack occurred in March, 1940, with septic temperature for ten 
weeks and moderate amounts of purulent sputum. There was a loss of thirty -four pounds m 
weight. Bronchoscopy on June 7, 1940, revealed a tumor reported as malignant partially ob- 
structing the left mam bronchus. On November 1, 1941, an exploratory thoracotomy was per- 
formed. Mediastinal glands were found to be free of involvement. A left total pneumonec- 
tomy was carried out. The final pathological report was malignant infiltrating adenoma of 
bronchial origin. The patient was discharged forty days after operation following an unexentful 
convalescence. 
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tient that surgical intervention may be patent ductus arteriosis or a large ar- 
considered entirely out of the question, teriovenous aneurysm. Ligation of the 
The procedure which removes the cancer- pulmonary artery and extirpation of the 



Fig. 6. A chart which shows the ultimate fate of 127 histologically verified 
cases of primary carcinoma of the lung. This represents all of the cases 
studied by the author between 1032 .and March, 1941. Note the high inci- 
dence of clinical discover^'. The percentage of operable cases compares 
favorably with operability of carcinoma of the stomach. Two of the late 
deaths caused by cancer occurred in patients treated by lobectomy. These 
cases antedated the now accepted use of pneumonectomy in the treatment 
of cancer. The four patients who died of other causes all received temporary 
benefit. It is significant that 1 1 per cent of the original group are living, well 
and free of mct.astatic disease. 

bearing organ will also remove the septic 
reservoir. In Figure 4 is shown the clinical 
chart of a patient suffering from a bronchial 
occluding carcinoma with secondary infec- 
tion. Immediately following surgical ex- 
tirpation of the infected and cancer-bearing 
lung, the patient improved and signs of 
sepsis disappeared. 

So-called signs of pulmonary insuffi- 
ciency such as dyspnea, cyanosis or tachj*- 
cardia are not bona fide evidences of 
inoperability. Such a situation is most 
frequently encountered when the growth 
has either completel3' or partiall}’ occluded 
a primary bronchus. The flow of blood 
through a nonventilated lung results in the 
return of considerable unoxj'genated blood 
to the general circulation. The cardio- 
respiratorj- mechanism is greatlj^ handi- 
capped. The effect is similar to that of a 


functionless lung increases the efficienev 
since all of the blood passes through a 
sound lung. 

The duration of s\’mptoms does not 
necessarih' bear a relationship to opera- 
bility. For example, in the case of Dr. I. S., 
sj’mptoms of a bronchial occluding lesion 
had been present for four }’ears. A broncho- 
scopic biopsy done five months previousl}' 
had revealed an infiltrating adenoma which 
had become malignant. Although the his- 
torj^ was a long one, there was no clinical 
evidence of metastasis. Thoracic explora- 
tion was carried out; mediastinal glands 
were not involved; and resection was 
successful. (Fig. 5.) A long histor}- without 
clinical evidence of metastatic disease ma}- 
actualh' be a favorable sign as it strongl}- 
suggests the presence of a slow-growing 
tumor or low-grade malignancv. 
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It is significant that in the author’s series 
of cases, of 1 27 verified patients there were 
but five who were rejected for surgery' 
because of too advanced age or too poor 
general condition. (Fig. 6.) There were but 
fourteen cases in the group of seventy-five 
unverified cases who were rejected for 
surgery, Man}-^ of these patients were un- 
verified because the general condition or 
age of the patient did not justify broncho- 
scopic examination or surgical exploration 
in order to settle the diagnosis. These ratios 
do indicate that from a practical standpoint 
very few patients need be denied the 
benefits of surgical treatment because their 
general condition does not warrant thoracic 
exploration. 

The problem of operability is not an easy 
one to settle. In dealing with a disease 
which is 100 per cent fatal without surgical 
excision, we are forced into the position of 
giving the patient the benefit of everj^ 
doubt. The evidence that the tumor has 
spread beyond the lung must be above 
reasonable doubt. This question cannot be 
settled fairly by anyone who has not had 
an opportunity to follow such patients 
through a surgical program. 

THE PLACE OF SURGICAL EXPLORATION 

The problem presented by that group of 
patients in Avhom a presumptive diagnosis 
was made, but unverified bj'^ bronchoscopic 
biopsy, warrants special consideration. 
Great advances have been made in the 
surgical treatment of tumors of the ab- 
domen, brain, and other organs simply 
because surgical exploration has been freelj’^ 
resorted to in doubtful cases. A clearcut 
policy should be formulated in regard to 
the suspected, yet unproved case of carci- 
noma of the lung. Tuttle and Womach' 
have expressed an opinion and it has been 
our own impression that the peripherally 
located tumors are more rapidi}’- growing 
and more likely to metastasize at an earty 
stage than stem bronchus lesions. Thisma3’' 
be due in large measure to the poIic3'^ of 
watchful waiting on the part of the first 
doctor consulted %vith the hope that time 


would furnish additional data and in that 
way clear up the diagnosis. If a patient 
with a peripheral lesion is going to be given 
a reasonable chance for cure, there must be 
a plan for immediate attack. If one waits 
for the gronth to enlarge so that it can be 
seen bronchoscopicalty or for additional 
signs, these signs will most likel3’^ present 
themselves as evidences of extrapulmonary 
extension. 

Attempts to settle the diagnosis by 
aspiration biops3f in earl3* cases should be 
discouraged. It is illogical and unwise to 
resort to needle aspiration in operable 
cases. Regardless of the outcome of the 
aspiration, surgical exploration should be 
done. The positive case requires ex'ploration 
for curative treatment. The negative case 
requires exploration for establishment of 
diagnosis and treatment. There remains a 
small minorit3f with peripheral tumors 
showing evidence of extrapuIraonar3' in- 
volvement in which aspiration biopsy may 
be used. In certain cases, however, a biopsy 
obtained through a small thoracotora3' 
incision may be emplo3^ed to double advan- 
tage. The open biops3’ can be done with 
extreme safet3’' and a larger specimen 
will prove to be more reliable from the 
standpoint of cellular arrangement and 
architecture. 

The policy of recommending thoracic 
exploration in suspected cases of primai^' 
malignanc3^ of the lung is sound and is the 
safest course to follow. For example, we 
found thirteen operable malignant lesions 
in a series of thirt3' suspected cases who 
were explored. (Fig. 7.) Nine of these 
patients were salvaged. Three have since 
died, leaving six who are living and free of 
evidences of metastatic disease. A watchful 
waiting plan would have meant death for 
all thirt3^ Prompt surgical exploration in 
future groups in whom the disease is sus- 
pected at an earlier stage by the first doctor 
consulted will raise the salvage rate 
considerabl3L 

In addition to what one ma3' do to 
prevent a death from cancer, there are 
other benefits in exploring doubtful cases. 



New Series \'ot_ L.1V, No. i 


Overholt Carcinoma of the Lung American journal of Surgerj- 1 71 


If the lesion is not due to a cancer, there is nancy was ruled out and drainage of the 
a strong possibility that appropriate surgi- areas resulted in cure. Three other ex- 
cal treatment can be given. For example, tremely ill patients were thought to have 


49 



Fig. A chart is shown which illustrates the salvage r.ate in a series of seventy- 
five patients suspected of having primary- carcinoma of the lung. Of this 
group almost one-half showed no clinical evidence of an e.vtension of the 
gro^^•th beyond the lung and surgical exploration was done. It is significant 
that of those cases explored 35 per cent proved to be operable. Twenty-eight 
of the above cases are also included in the chart shown in Figure 6, as the 
diagnosis was verified histologically after exploration. 


it is at times impossible to differentiate 
clinically between a pulmonary abscess and 
a tumor. This is especially true when the 
onset has been insidious, when the lesion is 
fairly well circumscribed, and a fluid level 
is not seen by .v-ray. One may proceed with 
a small thoracotomy opening tvhich can be 
converted into a drainage tract should the 
lesion prove to be simply an abscess. Again, 
it is at times difficult to distinguish a small 
localized interlobar empyema from a tumor. 
Surgical treatment is indicated for either 
condition. For example, a small interlobar 
collection of purulent material of long- 
standing caused cough and hemoptysis in 
two of our cases. There was no elevation of 
temperattire or white count. Bronchoscopy 
was negative and there was a lack of 
bronchial filling of the area after lipiodal. 
A tentative diagnosis of primary carcinoma 
of the bronchus was made and surgical 
exploration advised. In both cases, malig- 


primary malignancy but were suff'ering 
from multiple abscess of the lung. In two 
of these patients, both the upper and lower 
lobes were involved and pneumonectomy 
was successfully performed and was cura- 
tive. In a third case. Miss B. L., a mass 
three inches in diameter was found in the 
left lower lobe which, after lobectomy, 
proved to be a chronic multilocular ab- 
scess. These cases are cited to illustrate the 
importance of attacking questionable cases 
in a straightforward surgical way. The 
diagnosis can be settled and curative treat- 
ment can be instituted. 

CONCLUSIONS 

Carcinoma of the lung has become of 
vital concern to every practicing physician 
for four good reasons; (i) Malignancy 
originating in the lung is near the top of the 
list as a cause of cancer deaths. (2) It is 
curable in its early stages. (3) Methods are 
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available for detecting early cases. (4) 
There is reason to believe that the majority 
of patients consult a doctor at a time when ' 
the lesion is still in an operable stage. 

Emphasis has been placed upon practical 
measures by which all doctors can con- 
tribute in the control of this disease: (i) 
Methods which will aid in speeding up the 
mechanism of earlj^ discovery have been 
outlined. (2) A plea has been made for an 
agreement on management for all suspected 
or proved cases with special reference to 
radiation versus surgery. (3) Criteria of 
inoperability have been discussed. (4) In 
patients presenting presumptive evidence 
of cancer without bronchoscopic visualiza- 


tion, the value of surgical exploration has 
been emphasized. 
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When one is confronted a simple colloid goiter of some age the 
possibilities ma}" exist that it is doing one of three things: notliing: becoming 
toxic; or degenerating. When the goiter is doing nothing it speaks the 
language of a small boy; it has not yet done anything that can be discov- 
ered. One may be pretty sure a colloid goiter is already mischief bent. 



DIFFERENTIAL DIAGNOSIS OF PRIMARY AND 
METASTATIC MALIGNANCY OF THE LUNG* 


Bert H. Cotton, im.d. 

BOSTON, RIASSACHUSETTS 


P RIiMARY carcinoma of the lung has 
been brought into the fold of curable 
cancers. More and more frequently 
the problem of differentiating growths 
which have originated in the lung from a 
“solitarj’” pulmonary metastasis must be 
solved. 

Primary tumors of the lung can be con- 
veniently separated as to location into 
central and peripheral groups. The former 
have their origin in one of the larger 
bronchi. These lesions can be seen and 
biopsied bronchoscopically. Tumors of the 
central group soon occlude a large bron- 
chus with resulting atelectasis, which may 
be suspected by physical examination and 
will be detected roentgenolosicallv. Differ- 
ential diagnosis is not difficult. Peripheral 
tumors arise in smaller bronchi and, there- 
fore, are not visible at bronchoscopy. 
Peripheral tumors do not occlude large 
bronchi in the early stages so that signs of 
atelectasis are lacking. Unless the tumor is 
large they produce no abnormal physical 
signs. On roentgenological examination 
they usually present themselves as more or 
less rounded discrete masses, but many 
times the shadow may be confused with 
other conditions. 

The differential diagnosis of peripheral 
lesions is too often deferred until the 
growth produces marked symptoms and 
gross disturbances with involvement of 
pleura or distant metastasis. If we wait 
until the gross changes are unmistakable, 
we shall make no mistakes in diagnosis, 
perform absolutely no unnecessary opera- 
tions and cure practically no patients. Our 
diagnostic accuracy and ultimate mortality 
will be close to lOO per cent. 


It is the purpose of this paper to discuss 
the differential points of the peripheral 
primary lung cancer and solitary metastasis 
from an extra pulmonary primary lesion. 

THE LUNG AS A FILTER FOR TUMOR 
METASTASIS 

The lung is a mirror of the human bod}' 
for cancer. Malignant growths, when con- 
sidered collectively, cause death by pul- 
monary metastasis in 30 per cent. In 
growths originating in organs not drained 
by the portal system, the incident is even 
higher, 36 per cent. Thus, by including the 
10 per cent of deaths which are due to 
primary carcinoma of the lung, we obtain a 
view of 40 to 46 per cent of all the cancers 
of the bodv bv looking into this mirror. 

It should be made clear that involvement 
of tissues by contiguity, either from pri- 
mary or secondary growths, is not metas- 
tasis. Only emboli which have arisen from 
the. primary growth as detached, trans- 
ported fragments of that tumor are en- 
titled to be called metastasis. Pulmonary 
metastasis may be solitary but is usually 
multiple and bilateral. In the latter case, 
the patient is obviously beyond the range 
of surgical aid. 

The differential diagnosis is concerned 
primarily between the primary peripheral 
and the solitary pulmonary growths. There 
is evidence from postmortem examination 
that solitary metastasis occurs in some 
instances. Lenke^ reports three cases with 
a single deposit in the lung; two were 
from a hypernephroma of the kidney; 
the other was a chorion epithelioma. 
Brandt, Pirchan and Sikl" have reported 
cases of renal carcinoma with a single 
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deposit in the lung as the only metastasis. 
Barney and ChurchilB reported the suc- 
cessful removal of a "solitary” pulmonary 
metastasis from a primary kidnej' tumor. 
The patient was alive and well after five 
3'ears. 

In cases such as these, are we to assume 
that a solitary tumor embolus was dis- 
charged from the primary growth and that 
it finally reached a fortuitous destination? 
Or are we to assume rather that multiple 
emboli were discharged from the primarj^ 
growth but that only one of these survived 
to grow in some favorable situation? 
Tumor embolism is not metastasis. Manj' 
neoplastic emboli perish or remain sterile in 
the new sites of arrest. The “seed” has 
failed to germinate because the “soil” is 
poor. 

Tumor emboli to the lung arise from 
tumor invasion of the systemic veins and 
metastatic growths in the lungs arise from 
these malignant emboli carried in the 
pulmonary arteries to be arrested in the 
smaller vessels. The first minute vessels 
encountered by emboli liberated from the 
other organs are the pulmonary arterioles 
and capillaries; and most systemic venous 
emboli suffer arrest in this great filter. Em- 
boli apparently arise in periodic showers. 
In some cases multiple growths are aff of 
similar size, suggesting a simultaneous 
origin in one shower of emboli; in other 
cases growths of all sizes maj" be present, 
indicating embolic inoculations of different 
ages. 

CLINICAL CONSIDERATIONS 

The diagnosis of either primary periph- 
eral or “solitarj-” metastasis of the lung 
must be based on the summation of all the 
clinical data. A careful search should be 
made for a possible primary site else- 
where. Complete kidnej- and gastrointesti- 
nal roentgenological studies should be 
made. The absence of a positive extrapul- 
monary primary site throws the weight of 
evidence in favor of a primary pulmonary 
tumor. Although absolute differentiation 
between the two lesions is manv times 


impossible, certain clues, which may be of 
help, are summarized in the table below: 


DtFFERENTtATrOX OF PRIMARY PERIPHERAL AND META- 
STATIC PULMONARY CARCINOMA 


Primary Peripheral 
Carcinoma 

Common to Both 

Metastatic 

Carcinoma 

Symptoms 

Hemoptysis is fairly 
common. 

There may be none 
hatever. 

Pain or discomfort 
of the chest may 
be present due to 
peripheral or sub- 
pleural location. 

There is little dif- 
ference in the 
frequency or char- 
acter of cough. 

i 

Hemoptysis is un- 
common. 

Signs 


There may be none. 

These arc variable 
depending on size 
and location of 
tumor. 

j 

A'-ray 

The lesion h single. . . 

The lesion is unilateral. 

The lesion is more 
often in the upper 
lung fields. 

Cavitation is more 
frequent. 

1 

1 

I 

The lesion is usu- 
ally multiple. 

The lesion is usu- 
ally bdateral. 

The lesion is apt to 
be in the lower 
lung fields. 

Cavitation is in- 
frequent 

Bronchoscopy 


} 

Both types arc usu- 
ally beyond bron- j 
choscopic range 


Methods other than bronchoscopy for 
obtaining tumor cells for verification of 
diagnosis are of little practical value in 
operative lesions. 

A study of the cytology of pleural fluid 
when present is important in obtaining a 
diagnosis. It is a late sign, however, and 
evidence of inoperability. 

We have examined the sputum carefully 
in our cases and have occasionally recov- 
ered tumor cells in far advanced cases. We 
have not been able to determine accurately 
the type of tumor from such studies. 

Transpleural aspiration is highly recom- 
mended by Graver.'' This method is useful 
onh" in cases which are obviously inoper- 
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able. To the thoracic surgeon it is a useless The patient stated that she had felt well and 
procedure for if the biopsy is positive in a continued to work until one year prior to ad- 
suspected case without clinical evidence of mission. Quite insidiously, in the spring of 1937, 



Fig. I. Case 1. Postcro-antcrior .\-rays of the chest arc shown, a , shows diffuse 
haziness in lo^^e^ left lung field; b, bronchogram revealing blockage of 
lingular branch of the left upper lobe. 


metastasis, exploratory thoracotomy is 
indicated; and if the biopsy is negative in 
the same type of case, the same exploration 
is still the next step in its management. 

The following case reports, illustrating 
many of the points described in regard to 
dift'erentiating between primary and sec- 
ondary malignancy, are printed in detail. 
Both patients are alive and well today 
because the problem of difl'erential diagno- 
sis was settled by exploratory thoracotomy. 

The following case history relates the 
course of a patient who had a resection of 
the cecum for adenocarcinoma. She re- 
mained well for four years. Then she 
developed respiratory symptoms and was 
found to have a shadow in the chest film 
suspicious of malignancy. This patient is at 
the present time enjoying good health 
without evidence of disease, three years 
after pneumonectomy. 

CvsE I. Miss S. S., a fifty-three year old, 
single, Syrian woman, vas referred by Dr. 
Jacob Auslander of New York City. She was 
admitted to the New England Deaconess 
Hospital on the seiA-ice of Dr.l^ichard H. Over- 
holt on April S. 1938, with a chief complaint of 
cough and hemoptysis of one year’s duration. 
The one significant fact in the past history ^^as 
that the cecum had been resected for neoplasm 
four years previously by Dr. A. A. Berg. 


she began to raise small amounts of blood, asso- 
ciated with a slight cough. Several times a week 
this event was repeated. Shortly thereafter, a 
vague sense of discomfort in the left lower 
anterior portion of her chest was noted. She 
went to a doctor and a chest .v-ray was taken 
which disclosed an area of increased density in 
the left lower lung field. The patient continued 
coughing and raising small amounts of blood 
without the development of additional symp- 
toms. Concern about the continued hemoptysis 
led her to seek further investigation and Dr. 
Auslander was consulted. 

Physical examination revealed a well devel- 
oped, obese woman of fifty-three years. The 
only positive findings were diminished breath 
sounds over the midaxlllary area of the left 
chest. A well healed, right rectus scar was 
present. Rectal and pelvic examinations showed 
no abnormality. 

Roentgenographic examination of the chest 
revealed an area of increased density in the 
anterior portion of the left lower lung field. 
(Fig. I.) 

Bronchoscopic inspection of the trachea and 
major bronchi showed no abnormalitt'. A very 
good visualization was obtained of the left 
upper lobe bronchus, it being possible to see up 
the bronchus as far as a spur between its next 
division, but no evidence of new growth or 
other abnormality was noted. Under fluoro- 
scopic control, bronchographic studies of the 
left bronchi were made. An occlusion of the 
lingular branch of the left upper lobe bronchus 
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about I cm. distal to its origin from the left mottled gray, j^ellow, red and black. Bronchi 
upper lobe bronchus was found. and vessels appear negative at hilus. Micro- 

Skeletal roentgenograms were negative for scopic diagnosis: Adenocarcinoma, probably 
evidence of metastatic disease. No pathological metastatic from gastrointestinal tract.” 



Fig. 2. Case ii. a and b, postero-anterior and left anterior oblique x-rays of the chest show the opaque, 
irregular shadow at the left hilum; c, left lateral v-ray reveals the suspected tumor to be posterior. 


condition of the kidney was revealed by 
pyelogram. A barium enema showed no evi- 
dence of local recurrence. The pathological 
report of the previously resected cecum was 
secured. It reported adenocarcinoma of the 
cecum without evidence of Ijraph-node metas- 
tases. Although the probability was held that 
the nodule in the left lung was a late metastasis 
from the cecum, it was impossible to rule out a 
peripheral primary carcinoma; and due to the 
fact that serial .v-rays showed that a definite 
increase in its size had taken place in the last 
four months, an exploratory thoracotomj’^ was 
thought advisable. 

Pneumothorax was then instituted on the 
left side and maintained for three weeks. On 
April 1 1, 1938, an exploratory thoracotomy was 
performed under c3"clopropane intratracheal 
anesthesia. The tumor presented itself in the 
lower part of the upper lobe as a firm well cir- 
cumscribed mass which puckered the lung 
tissue and was about one and one-half inches 
in diameter. The parietal pleura was not in- 
volved. A frozen section of a gland from the 
hilum showed no evidence of malignancy. 
Pneumonectomj'- was performed, with individ- 
ual dissection and ligation of the hilar 
structures. 

The pathological report of the tumor re- 
moved from the lung was as follows: 

“Left lung — weight 330 gms. Lower portion 
of upper lobe contains a firm nodule 6 cm. in 
greatest diameter with a puckered area 4 cm. 
in diameter on surface. Cut surface of nodule is 


The patient’s postoperative course was un- 
eventful and she was discharged from the 
hospital on May 10, 1938, twentj'-one days 
after operation. The patient was last e.xamined 
on Ma3" 16, 1941, three years after pneumo- 
nectom3^ She reported that she had been 
enjoying good health. There were no s3'mptoms 
referable to the chest or abdomen. She was 
emplo3'ed as a saleslad3^ Ph3’-sical examination 
revealed no signs of metastatic disease. 

Case ii. Mr. N. W., a fift3'-five x-ear old, 
retired, widowed business man was referred bx' 
Dr. Charles W. McClure of Boston. He entered 
the New England Deaconess Hospital on 
Januar3’’ 23, 1941, xvith a chief complaint of 
nausea, vomiting and anorexia of one 3'ear’s 
duration. Famil3’^ histor3" and past history 
were negative. 

The present illness dated to the sudden 
death of his wife one 3’^ear previousl3'. Following 
this, he noted anorexia and later nausea and 
x'omiting. There had been frequent and exces- 
sive use of alcoholic beverages. After obtaining 
no relief from various medicines, a gastrointes- 
tinal roentgenographic examination xvas ad- 
vised. ^^Tile these .Y-ra3^ studies were being 
carried out, an abnormaIit3' in the left lung 
was noted. Chest s3'mptoms were not present 
except for a slight cough of fifteen 3'ears’ dura- 
tion, attributed to cigarettes. Although the 
patient had no urinai^' s3"mptoms, he had been 
informed one week previoush' b3" his ph3'sician 
that blood xvas found in the urine. 
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Physical examination revealed a well devel- 
oped and well nourished man with evidence of 
slight weight loss. A few crackling rales were 
noted in the left mid chest posteriorly, and 
transient moist rales at the right base which 
cleared after coughing. The heart was within 
normal limits; the blood pressure was 160/88. 
The remainder of the physical examination 
was entirely negative. 

Laboratory examinations revealed the red 
blood count to be 3,540,000; hemoglobin, 68 
per cent; white blood count, 10,300; non- 
protein nitrogen 30 mg. per cent. The blood 
Minton was negative. The urine was grossly 
bloody and the sediment was loaded with red 
blood cells. 

Complete urinary studies were made by Dr. 
Harvard Crabtree, and ureteral catheteriza- 
tion showed the blood to be coming from both 
kidneys. Retrograde pyelograms revealed no 
etiological factor. The urological consultant 
suggested a diagnosis of idiopathic hematuria. 

A'-ray examination of the chest showed an 
infiltrative lesion extending out in the region 
of the left hilum suggestive of neoplasm. 
(Fig. 2.) 

Bronchoscopic examination was negative 
except for a slightly granular appearance of the 
left main stem bronchus at the level of the 
upper lobe orifice. A biopsy showed no CA'idcnce 
of malignancy. 

After a preliminary left pneumothorax was 
established, the chest was explored on Feb- 
ruary 13, 1941. A tumor mass about the size of 
a lemon was encountered in the left lower lobe. 
Several lymph-nodes were removed which 
were negative on frozen section. A one stage 
left pneumonectomy was carried out. The 
jiathological report was as follows: 

“Specimen consists of four soft, dark gray 
nodes. .■Mso a left lung weighing 370 grams. 
1 he upper lobe is partially subdivided into 
two lobes. The pleural surface is mottled light 
pink and dark gray. The substance of the lung 
is crepitant throughout except for an intrinsic 
mass roughly 6 cm. in diameter which involves 
the apex of the lower lobe and hilus and is 
firmly bound to the main bronchus. There are 
several large, only slightly firm anthracotic 
nodes in the hilus. Microscopic diagnosis: 
Epidermoid carcinoma. Grade i. Five lymph 
nodes negative." 

1 he patient's convalescence was quite satis- 
lactory although he developed a transient 


auricular fibrillation on the third postoperative 
day. He was discharged on January 31, 1941, 
forty-five days after operation. A\’hen last 
seen on June 27, 1941, he was feeling perfectly 
well and was asymptomatic. Evidence of meta- 
static disease could not be found. 

DISCUSSION 

The chest .v-rays in both these cases lead 
one to suspect carcinoma strongly, but a 
verified diagnosis could not be made. How 
shall we handle these cases in which we 
have presumptive evidence of malignant 
disease of the lung, but in which the clinical 
evidence is not conclusive? Shall we tempo- 
rize and await developments, trusting that 
the condition is not malignant? Shall we 
irradiate prophylactically, or shall we 
explore the suspicious lung? If we tempo- 
rise, then we have made Time the execu- 
tioner again rather than the great healer. 
We believe that preoperative irradiation is 
not advisable in those cases in which the 
diagnosis is uncertain and in which there is 
demonstrable evidence that extrapulmo- 
nary extension of a possible malignant 
process has taken place. In these cases one 
wishes to see things as they are. The sus- 
pected early tumor is probably small. If it 
is also liquefied or partly destroyed by 
irradiation, the tumor becomes much more 
diflicult to recognize. The concurrent 
changes in the surrounding tissue then 
present a very confusing picture. Tissue 
cannot be counted on to heal properly when 
its vascularity has been greatly impaired 
by radiation. 

It therefore seems best that when the 
evidence points to the probable diagnosis 
of Jung tumor, even though it is not con- 
clusive, the proper treatment is immediate 
exploration of the suspected lung, just as an 
exploratory laparotomy is indicated in a 
suspicious lesion in the stomach or bowel 
when the presence of malignancy cannot be 
excluded. One might say that it is unscien- 
tific and unjustified to explore all cases of 
suspected peripheral tumor; yet it is even 
more unfortunate to withhold indicated 
treatment if the patient has an earlv 
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primary lesion. “Solitary” pulmonary me- 
tastasis does occur and may he indistin- 
guishable from a primary growth. If the 
primary malignancy has been removed and 
a solitary lung lesion is the only .sign of 
metastatic disease, resection of the lung 
and metastatic nodule appears to be 
justinablc. 

CONCLl'SIO.NS 

Diliicultics arise in difl'erentiating pri- 
mary peripheral cancers of the lung from 
solitary metastatic lesions. Both lesions are 
beyond the range of the l)ronchoscope. If 
an exhaustive search for a primary extra- 
pulmonary tumor is negative, evidence will 
weigh heavily in favor of primary lung 
cancer. Thc.se patients should receive the 
benefit of an cxploratorv thoracotomy. 

If a suspiciou.s solitary lung lesion is dis- 


covered at a reasonable interval of time 
after removal of a primary tumor elsewhere 
and the lung findings present the only 
evidence of a possible metastatic lesion, 
exploratory thoracotomy is indicated. 

Cases illustrating thc.se two principles 
have been cited. In both cases exploratory 
thoracotomy .settled a doubtful diagnosis 
and led to treatment that promises to be 
curative. 
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BRONCHIAL ADENOMA-^ 

Harold Brunn, m.d. and Alfred Goldman, m.d. 

SAN FRANCISCO, CALIFORNIA 


T he necessity for separating bronchial 
adenoma from other tumors of the 
lung has existed since 1932^ when they 
first became clinically recognizable. Ac- 
curate diagnosis goes hand in hand with 
development of adequate therapjL The 
treatment of bronchial adenoma is different 
from the treatment of cancer of the lung, 
or tuberculosis, or bronchiectasis, with 
which adenoma is frequently confused. 
Treatment must be based upon sound 
knowledge of the life history of the tumor 
as well as an accurate diagnosis. The 
accurate diagnosis of bronchial adenoma 
should include more than the discovery of 
its mere presence. It ought to indicate the 
exact location with reference to the lobar 
bronchi, the presence or absence of bron- 
chial obstruction, the size, shape and extent 
of the extrabronchial tumor, the nature of 
the endobronchial portion, its relations to 
the inner bronchial wall, and, finall}', the 
condition of the distal lung. To obtain this 
information in any patient with a polypoid 
bronchial tumor, a broad knowledge of all 
the features of bronchial adenoma is 
essential. 

It is the purpose of this paper to set forth 
a concise description of bronchial adenoma 
in all its phases. 

Our coneepts are based upon a 100 per 
cent follow-up of nineteen cases (some of 
which have a clinical course of twenty to 
twenty-five years) from the Thoracic Sur- 
gery Clinic at the Universit\- of California 
Hospital, and an additional forty cases 
personally reviewed in various clinics of 
this country. Probably all the protean 
manifestations and the natural histoix* of 
bronchial adenoma have not been covered 
in the study of this group of cases. Newer 
knowledge may change our future concepts. 


However, when we undertook this study 
we had no preconceived ideas or h3^pothe- 
ses. Our conclusions were forced upon 
us from the careful study of the cases 
including a correlation of their history, 
diagnosis, treatment and pathological 
findings.-"® 

The history and evolution of the separa- 
tion of bronchial adenoma from carcinoma 
may be divided into three periods: The 
first began in 1882 with the publication of 
Mueller’s case," and ended in 1932 with the 
report on bronchial adenoma by Wessler 
and Rabin. ^ This period may be described 
as the postmortem recognition of bronchial 
adenoma.®"^'* The second period, from 1932 
until 1938, may be called the period of clin- 
ical recognition and treatment. During 
this period, several important papers ap- 
peared. Since 1938 until the present 
time may be called the period of develop- 
ment of rational therapy based upon new 
knowledge of the natural and therapeutic 
life histories of these tumors. 

As one reviews the literature, he is 
struck by the confusion, particularly re- 
garding the terminology applied to what is 
apparently the same tumor which we now 
term bronchial adenoma. Ephraim,-® in 
1911, termed these tumors sarcoma of 
alveolar pattern; Kreglinger^® (1913), c3din- 
drical cell carcinoma; GeipeB^ (1931), basal 
cell cancer; Wessler^ (1932), benign bron- 
chial adenomata; Kernan^® (1935)5 carci- 
noids; Moersch-^ (1935), adenocarcinomas; 
Clerf and Crawford-® (1936), benign glan- 
dular tumors; Zamora and Schuster®® 
(1937)5 vascular adenoma; Welt and Wein- 
stein®" (1937), endotheliomas, and finall}' 
Womack and Graham^' (1938), mixed 
tumors of the lung. 


* From the Department of Surgerj-, Division of Thoracic Surgery, University of California Medical School, and 
tite San Fr.ancisco Department of Public Health, San Francisco City and County Hospital. Supported bv a grant 
from the Lillie Spreckels Alegeforth Fund. 
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fcsidti.d fet.d Imn;. W ell and W ein'-lein.'' 
.aiul'rudor I'idu.ird-,' .ircue for endotheli.il 
origin. Keissner,'’ .md Urs-leraiul Rabin* 
bciiexe th.it tumor- ari-c from the irron- 
chial mucous c.l.mds or from their ducts. 
Our own concepts .ire th.it bronehial ade- 
nom.ts arise fioni the mueons gl.inds and 
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gener.il follow the behavior of .ulenomatoii.s 
tumors arising from the.se glands elscwiicre 
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is probabix the re.sult of dc-dilferentiation 
of atUilt tumor cells. 

Regardless of the tissue of origin, the 
high incidence in women and the occur- 
rence of pulmonary hemorrhage with the 
menstrual bleedittg snggc.sts that circulat- 
ing hormones may boar some relathrn to 
the pathogenesis of these tumors; but this 
is highly coniectural. 

GKOSS I'ATHOI.OGV 

Bronchial adenoma is almost always con- 
nected with a large bronchus, usually has 
an endobronchial portion obstructing this 
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bronchus and, in approximately 90 per capsule subdivide the tumor and give to 
cent of cases, has an extrabronchial exten- the peripheral surface a bosselated appear- 
sion (Fis. ia and b) frequently larger than ance, while the cut surface thus receives a 
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Fig. I. A. and b, morphologA- of bronchial adenoma. 


the endobronchial portion. The endo- 
bronchial portion is covered by mucosa 
which may undergo a complete metaplasia 
into squamous cell type (Fig. 2 ) and may 
have branches of the bronchial vessels 
coursing over its surface. Beneath this 
mucosa, whether metaplasia has taken 
place or not, is a layer of fibrous tissue, 
usually dense hyaline connective tissue but 
sometimes a loose, delicate, many-layered 
fibrous tissue. Extensions from this fibrous 


papillary pattern. When bone is present 
throughout the tumor, the otherwise 
smooth surface becomes rough and the 
projecting spicules are readily felt by the 
palpating finger. The extrabronchial por- 
tions projecting into the mediastinum or 
surrounding lung are also encapsulated, 
but of course their capsule is not covered 
with mucosa. At times a tremendous endo- 
bronchial growth of the tumors thins the 
bronchial rings and causes them to be dis- 




1 82 American Journal ofSurgcry Brunn, Goldman — Bronchial Adenoma 


OcToorR , 1941 


placed and surrounded b}' tumor. Although 
the bronchial cartilage is not invaded, it 
may become atrophic. Because of the 


HISTOPATHOLOGV 

The cell type (Figs. 2 and 3) which 
characterizes bronchial adenoma is a small 
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Fig. 2. Case vi. H. G. Bronchoscopic biopsy, 1933. Sho«s 
metaplasia of the mucosa overlying a tumor. Note the 
pyknotic nuclei and the indefinite patterns of the small 
tumor cells underlying the mucosa. X 120. 


atrophy and distention of the bronchial 
wall, it is often difficult to determine 
whether all the tumor is within the 
bronchus or has pressed its way out 
into the lung or mediastinum. The loca- 
tion in a distended large bronchus causes 
the pulmonary artery and veins to be 
stretched over the tumors and the usual 
hilar relations become somewhat distorted. 
Longstanding pulmonary suppuration en- 
larges the mediastinal lymph-nodes but 
they contain no tumor in a careful studj' 
of our cases.* 

* In one patient operated upon fay Dr. Edwin 
Churchill and demonstrated by Dr. Castleman, there 
was contiguous e.\tension into one mediastinal lymph- 
node; and a second similar case was recently shown us 
by Dr. David Wood. 


cuboidal or polygonal cell, which is uni- 
form, with an oval or round, darkl}* staining 
nucleus. The chromatin is finely divided 
and there are no large nuclei. Mitotic 
figures are absent. There is a tendency for 
the cells to be grouped and to form several 
t3'pes of patterns. These mat' be distin- 
guished as alveolar, columnar, medullar^-, 
acinar, mosaic and angiomatoid patterns. 
A delicate reticular stroma runs through 
the tumor, encompasses the groups of 
cells and is contiguous with the fibrous 
tissue capsule. At times the stroma sur- 
rounds large vascular spaces. Particularh' 
at the peripher3- of the endobronchial por- 
tion of the tumor, vascularit3' is apt to be 
prominent. In some cases the histologic 
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pattern is uniform throughout the whole 
tumor but in others the patterns vary a 
great deal in different parts of the tumor. 
The stroma may ^■ary from a well devel- 
oped, reticular, delicate network to a 
thickened or hyalinized framework which 
may contain large vascular spaces. In the 
fibrous tissue capsules, groups of tumor 
cells may be seen. Bone and cartilage are 
present in some tumors. (Fig. 3F.) 

Microscopic diagnosis of adenoma from 
the material removed at bronchoscopic 
biopsy is not always easy unless the tissue 
shows characteristic patterns. Squamous 
cell carcinoma, because of squamous cell 
metaplasia present on the mucosal surface, 
angioma or angio-endothelioma because of 
the vascularity at the peripher}" of the 
tumor, inflammatory tissue when the 
epithelial surface has been altered by 
infection or trauma, small cell carcinoma 
when the biopsy has been crushed or the 
cells seen are not arranged in characteristic 
patterns — any of these may be diagnosed 
instead of adenoma. However, once typ- 
ical patterns are obtained the diagnosis is 
easy to a pathologist familiar with these 
tumors. 

COMPLICATIONS 

Complications of these bronchial tumors 
are important since they frequently bring 
about the entire presenting clinical picture, 
and one is apt to discover patients being 
treated for pneumonia, bronchiectasis, lung 
abscess or empyema when adenoma is the 
hidden primary condition. If the bronchial 
obstruction is located in the stem bronchus, 
complete atelectasis will result sooner or 
later with infection in all the lobes of the 
obstructed lung. Anaerobic infection pro- 
duces virulent, putrid abscesses, but more 
commonly nonputrid bronchiectasis is pres- 
ent. The pleural cavity is usually involved 
due to the contiguous extension from infec- 
tion of the lungs, so that bronchopleural 
fistula, difficult to close, often accompanies 
the empyema. It is of interest that none 
of our patients has developed tuberculosis 
an observation which mav be related 


to the collapsed condition of the lung.* 
Rarely, large cystic dilatations filled with 
blood or straw-colored fluid occur in the 
lung. (Fig. 4A and b.) Pneumococclc 
infections occur in the obstructed lobe and 
give rise to a typical lobar pneumonia. 

NATURAL AND THERAPEUTIC LIFE HISTORY 

The natural growth of these tumors is 
slow. They take as long as twenty years to 
reach the size of a grapefruit. They invade 
by pressure atrophy and not by the true in- 
vasiveness exhibited by malignant, metas- 
tasizing tumors. B3" so doing, the bronchial 
wall is “penetrated.” The extrabronchial 
portion grows to a larger size than the 
endobronchial portion. Extrathoracic me- 
tastases are unknown; mediastinal hTOph- 
node metastases are exceedingly rare. 
Mediastinal encroachment maj* occur but 
phrenic paralysis, Horner’s syndrome, or 
A’ena cava obstruction are not found. 
Growth of the tumors after various ther- 
apeutic procedures again indicates the very 
low grovth potential of bronchial adenoma. 
After bronchoscopic removal, “ recurrence” 
mav be discovered as long as four to twelve 

V o 

years later. After biopsy through the bron- 
choscope, the wounds heal quickly. Trans- 
section of the tumor during lobectomy has 
not produced untoward results. There is no 
evidence that the various surgical manipu- 
lations produced more rapid growth, metas- 
tasis or implantation. 

Contrar}’ opinions have been expressed 
as to the invasiveness and metastasizing 
capacity of adenomas. In our experience, 
whenever metastases have occurred in 
patients with similar clinical histories but 
doubtful histopathology of biopsy mate- 
rial, postmortem examination has shown 
the growth not to be adenoma but to 
belong to the hmiphangio-endothelial sar- 
comas, leiomyosarcomas, slowlj^ growing 
carcinomas or other as yet unclassified 
groups.’ 

* In a recent case of slowly growing adenocarcinoma 
(possibly adenoma) published by Gebauer, an acute 
tuberculous abscess occurred in the obstructed lower 
lobe. 
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Fic. 3. T\ pica! patterns obtained from postmortem or pulmonarj- resection specimens, a. Case 
XIV. G. D. Columns of uniform cells extending toward the fibrous tissue capsule. The bronchial 
mucosa has been denuded. Note the rel.ativc absence of pyknotic nuclei. X 120. b, Case xtv. 
G. D. Section of the surgical specimen showing both cj lindromatous and alveolar patterns. 
X ~5o. c. Case IV. H. L. Section of the cxtrabronchi.al tumor. Note two dilTcrcnl patterns on the 
same section, d. Case iv. H. L. Note the mosaic pattern made up of large groups of cells and 
prominent vascular stroma. This section of the tumor appears markedly different from that seen 
in c. X 130. E. Case I. 1 . K. Note the mosaic pattern made up of small groups of cells. This 
pattern was uniform throughout all the sections made of this tumor. X 120. f. Case x. F. J. 
Formation of osteoid tissue in cxtrabronchial portion of the tumor. X 120. {From Goldman, 
.Alfred and Stephens. H. B. Polypoid bronchial tumors with special reference to bronchial 
adenoma. J. Tborcac Sure., 10: 335, 104 *-) 
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SYMPTOMS AND CLINICAL COURSE 
SjTOptoms are related to location, vascu- 
larity and slow growth. Location of the 
adenoma in a major bronchus gives rise to 
symptoms of bronchial obstruction. The 
first symptoms result from disturbance in 
the transference of air in the large bronchial 
tubes. Wheezing, “asthma,” irritating non- 
productive cough, dyspnea, transient chest 
pains, “choked-up sensation” and respira- 
tory postural discomfort may thus be the 
initial symptoms to appear. These are often 
so indefinite or transient as to be entirel^'^ 
overlooked unless thej* are inquired for 
very carefully. When the air becomes com- 
pletely shut off from the alveoli distal to the 
tumor, atelectasis results; but when air is 
entrapped, emphysema occurs. 

Bronchial drainage is also interfered with 
by the bronchial obstruction; consequently, 
the next symptoms to appear are those of 
pulmonary suppuration. Recurring pneu- 
monias or so-called “drowned lung” are 
most common, but empyema, abscess, or 
bronchiectasis is frequent. The suppura- 
tive sequelae may be acute and dangerous, 
even giving rise to metastatic brain abscess. 
When death occurs, it usually results from 
the suppuration. The bacteriology of the 
suppuration is varied, but may include any 
one or several of the oral flora. 

On the other hand, the slow growth of 
these tumors allows time for permanent 
chronic changes in the lung and pleura. 
These chronic inflammatory changes pro- 
duce permanent structural defects which 
remain even after local removal of the 
tumor. In some cases, these structural 
changes in the lung are intimately related 
to the tumor, so that the tumor could not 
be removed without the removal of the 
outer surrounding lung. (Fig. 4A and b.) In 
others, the tumor lies in the stem bronchus 
and has no immediate relation to changes 
in the distal lung. As time goes on, the 
virulence of the infection within the ob- 
structed lung dies down and the patients 
exhibit little if any toxicity and appear in 
good health. Such patients are frequently 
diagnosed pulmonary tuberculosis. In these 


people an astonishing degree of resistance 
seems to be acquired so that the smoulder- 
ing infection, which may involve even an 
entire lung, flares up less often and pro- 
duces little disability. (Fig. 5A and b.) 

The cardinal symptom of bronchial ade- 
noma is pulmonary hemorrhage, which is 
associated with the e.xtreme vascularit}*^ of 
these tumors. They are characteristicall}'^ 
sudden in onset and termination, bright red 
in color, profuse even to the extent of 
producing shock, unprovoked by cough or 
exercise, and in women frequently occur 
during the menstrual period. This type of 
hemorrhage probably arises from the tumor 
itself and is fed from the bronchial circula- 
tion. A second type of hemorrhage, com- 
posed of dark blood, often clotted and 
mixed with pus, induced by cough and 
exertion, and followed by blood-streaked 
sputum for several days, may occur. This 
type probablj- arises from the distal sup- 
purating lung, and is fed from the pul- 
monary circulation. Older tumors may 
continue to cause hemorrhage even though 
the suppurative symptoms and toxemia 
have died down. 

ROENTGENOLOGICAL FINDINGS 

Roentgenologicall}', the appearance is 
bizarre (Fig. 5B) but characteristically 
lobar atelectasis is present and varj’ing 
degrees of emphysema and atelectasis ma}^ 
occur. A marked shift of the mediastinum, 
thick pleurae, cystic whorls and abscess 
cavities overlie the tumor (Fig. 6a, b, c, d, 
E, F and g), so that it is rarely seen in the 
plain -v-ray films. For the same reasons the 
extrabronchial portion and true extent of 
the tumor fail to be demonstrated. In an 
occasional case in which the tumor arises 
from a branch bronchus and is not sur- 
rounded by inflammatory density, a lobu- 
lated or rounded tumor mass may be 
visualized in an x-ra}- film. Such a mass 
maj’ simulate a metastatic deposit rather 
than a primary tumor. 

Tomography may delimit the true mor- 
phology, the relation to surrounding struc- 
ture and the extent of the extrabronchial 
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portion when other roentgenologic studies bronchial probing, is valuable in de- 
fail Tomographic findings, taken together termining the level of the bronchial 
with a bronchoscopic examination, are a obstruction and the condition of the distal 
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Fig. 4. Case xix. E. A. a, lobectomy specimen of right middle 
lobe, showing tumor protruding through the cut right middle 
lobe bronchus. This patient had a duration of symptoms of 
approximately ten years, b. Microphotograph X 4 of section 
through the center of the entire specimen. Note that the 
tumor mass was projecting from a large cystic dilatation into 
the right middle lobe bronchus. This cystic dilatation was 
filled with hemorrhagic fluid. The surrounding lung is atelec- 
tatic, forms only a thin shell, and contains several bronchi- 
ectatic pockets. The histological picture was uniform through- 
out, and the pattern was similar to that seen in Figure 3E. 


great aid in differentiating adenomas from 
carcinomas. Tomography is a new but 
most important diagnostic aid and this pro- 
cedure should be performed routinely, par- 
ticularly if adenoma is suspected. Shadows 
cast by areas of occult atelectasis blend 
with the mediastinum so that they are 
easily overlooked in the plain .v-ray film but 
are strikingly depicted in the tomogram. 

Bronchography, particularly with endo- 


bronchi. When lipiodol is prevented from 
flowing into the distal lung before endo- 
scopic removal of an adenoma, a repeated 
bronchogram afterwards frequently dis- 
closes marked bronchiectasis in the distal 
lung. Initial bronchograms are character- 
ized by a wide column of lipiodol with a 
smooth concavity at the distal end, and in 
the lateral view a filling defect is seen along 
one border. 
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BRONCHOSCOPY often, however, the bronchus around the 

The bronchoscopist can readily deter- tumor is distended and its cartilages are 
mine the exact endobronchial location, the thinned out or even absent. Frequently, the 



Fig. 5. Case ii. J. B. a, March 19, 1928. Posterior anterior view, taken t\\o \\eeks follo\\ing 
bronchoscopic removal of adenoma. All the tumor was thought to have been removed, b, 
February' 15, 1940, twelve years after bronchoscopic removal. Recurrence, with complete 
obstruction of the right stem bronchus has taken place. The right lung is now converted into a 
cystic lung. General condition good. Tomograms showed e\tra- as well as endobronchial tumor 
mass. 


obstructed bronchi and the relation to the 
Carina and trachea; but he can give only a 
partial answer to the nature of the bron- 
chial attachment, the amount of bronchial 
distention or the suppuration in the distal 
lung, and he can give no answer as to the 
extent of the extra bronchia I tumor. The 
failure of the bronchoscopist to realize his 
limitations has led to the erroneous con- 
clusions that most adenomas were wholly 
endobronchial. 

The bronchoscopic image is that of a soft 
or firm mass or polyp, whitish, pink or 
purple. These tumors are covered with 
mucosa and occasionally vessels traverse 
the bosselated surface. Their attachment to 
the bronchial wall varies from a few mil- 
limeters to 2 cm. in diameter; and when 
this tumor can be removed endobron- 
chially, its stalk may be seen descending 
between the cartilaginous rings. Most 


endobronchial portions of these tumors 
grow in a proximal direction toward the 
trachea so that they fill the entire length of 
a stem bronchus. When they arise near the 
bifurcation of a stem bronchus, lobulations 
may extend into the branch bronchus on 
either side. 

The bronchoscopic picture of an ade- 
noma is usuall}^ distinctive enough to 
differentiate it from that of a primary 
bronchial carcinoma. In the latter there is 
ulceration and induration with the charac- 
teristic “frozen” condition of the surround- 
ing structures, and the carina may be 
narrowed in the anterior posterior diameter 
from metastatic lymph glands in the hilar 
area. Adenomas, on the other hand, ma}' be 
freely movable. Ulceration usually is not 
present and there is no infiltration of the 
adjacent bronchial mucosa. Occasionally, 
when the adenoma presents as low, broad 
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induration instead of a polypoid mass, the positive sputum. Bronchoscopy, of course, 
bronchoscopic differentiation is impossible, usually tells the story. Bronchial tuber- 
Hemorrhage gives another important bron- culosis presents a flat ulcerative process, 



E EG 

Fig. 6 . e, f and g, tomograms S, lo and 12 cm. from the back. Note that because of the fluid in the cyst 
which surrounds the adenoma even tomography fails to delimit the true size of the adenoma. 


choscopic clue to the true diagnosis. We 
have frequently encountered rather severe 
bleeding from the adenomas with the least 
trauma, whereas the same amount of 
bleeding is unusual in the case of polypoid 
carcinoma. 

Bronchoscopic removal of adenoma re- 
establishes the bronchial airway and also 
the drainage of distal infection, thus bring- 
ing about a dramatic improvement of the 
patient. But due to the intramural and 
extrabronchial extensions of these tumors, 
it is doubtful that every cell is removed by 
such treatment. Consequently, late recur- 
rences can be expected frequently, although 
they may not be suspected for ten years or 
more. (Case ii, J. B.) For this reason, 
patients treated bronchoscopically should 
alwavs be followed bv bronchoscopic ex- 
animations at intervals of no less than one 
year. In addition, the older tumors are so 
large and adherent to the thinned-out 
bronchial walls that endobronchial removal 
is impossible and may bring about an 
unnecessary fatality. 

DIFFERENTIAL DIAGNOSIS 

The finding of tubercle bacilli rules out 
adenoma because we have yet to see a 
patient with bronchial adenoma develop a 


smears from which show acid-fast bacilli; 
while adenoma projects as a tumor mass, 
biopsy of which may be characteristic. 
Because carcinoma and other malignant 
tumors may present as a polj'poid tumor to 
the bronchoscopist, adequate biopsies with 
careful histologic interpretations are fre- 
quently necessary to bring about earl}- 
diagnosis. Gebauer®- has called attention to 
the endobronchial morphology of certain 
adenocarcinomas which metastasize widely. 
We have encountered difficulty in difl'erenti- 
ating peripheral circumscribed epidermoid, 
cylindrical ciliated adeno-, undifferentiated 
and unclassified carcinomas. Certain con- 
nective tissue tumors, such as angio- 
endotheliosarcoma and myosarcoma, are 
apt to be of long duration and polypoid in 
nature, and for many months they may 
simulate adenoma. A careful and complete 
study of the patient, particularly with 
tomographic studies, may disclose the 
invasive nature of these tumors. Adequate 
biopsies containing characteristic patterns 
make the diagnosis certain. Bronchoscopic 
biopsy material from small-cell carci- 
noma and angio-endothelioma has proved 
difficult to differentiate from adenoma. 
Exploratory thoracotomy should not be 
delayed too long when the diagnosis of 
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adenoma cannot be substantiated in other 
ways. Benign bronchial tumors other than 
adenoma arc much less common than was 
previously thought. Fibromas occur only 
about onC'tenth as frequently as adenomas, 
and the characteristic patterns of adenomas 
arc usually lacking in these. Ecchondromas, 
myomas and lipomas arc also rare and have 
a characteristic histology. Occasionally, 
unclassified benign polypoid tumors occur. 

Bronchiectasis is not always of the fetid 
type with marked cough and sputum. The 
hemorrhagic type of bronchiectasis may 
simulate the clinical picture of adenoma. 
When bronchiectasis has been demon- 
strated and hemorrhage is the chief 
symptom, the presence of a concomitant 
adenoma should be kept in mind. In such 
cases, bronchoscopic visualization and bi- 
opsy of the adenoma may be difficult. 
Tomographic studies may be of help. 

TREATMENT 

There are three types of treatment for 
bronchial adenomas: local treatment, radi- 
ation and pulmonary resection. 

The local treatment may be accom- 
plished endoscopically or by local resection 
through a transpleural approach. The 
endoscopic treatment is less commonly 
indicated than it was formerly thought to 
be, because of (i) local recurrences, (2) 
danger of fatal complications, (3) inability 
to remove adequate amounts of the tumor, 
and (4) disabling symptoms from the distal 
suppurating lung still remaining. It must 
be admitted, however, that where adequate 
bronchial drainage can be re-established by 
removal of the endobronchial tumor, im- 
provement is often satisfactor}^ and, even 
though late recurrences result, the general 
condition of these patients may remain 
good for as long as twelve years. Yet even 
these patients eventually change from a 
problem of bronchoscopic therapy to one of 
pulmonary resection. In preparation for 
pulmonary resection, re-establishment of 
bronchial drainage by endoscopic removal 
of the obstructing tumor should be per- 
formed whenever it is easily accomplished. 


But when these attempts are complicated 
by serious hemorrhage, failure to establish 
bronchial drainage easily or the presence 
of persistent obstructing tumor, then 
bronchoscopic treatment should be aban- 
doned in favor of pulmonary resection. 

The number of patients operated upon 
by transpleural approach with local resec- 
tion of the tumor through an incision in the 
bronchus is still quite small. This method 
appears to be applicable to those tumors in 
which the distal lung has not 3’et been 
damaged permanently, in which the size is 
small and in which dissection is easy. 

Radiation therap\' probably has little 
effect upon the tumor per se. When distal 
infection is pronounced and bronchial ob- 
struction complete, external radiation may 
produce an exacerbation of the symptoms. 
It is our belief that those patients who had 
radiation therapy’- continued to live, not 
because of the therapy, but rather in spite 
of it. In our hands, intrabronchial radiation 
therapy has proved too cumbersome and 
dangerous. Besides, the remaining un- 
treated suppurating lung is apt to be the 
chief cause of disability and symptoms so 
that a cure is not obtained. 

Pulmonary' resection, then, is the treat- 
ment of choice in approximately 90 per cent 
of the patients. It accomplishes not only 
the complete removal of the tumor but also 
of the suppurating lung. Unlike carcinoma, 
lobectomy rather than pneumonectomy is 
sufficient if it includes all the tumor and the 
suppurating lung. Mediastinal lymph-node 
dissection is rarely necessar3^ Preoperative 
preparation consisting of transfusion, rest, 
high caloric, high vitamin diet, and release 
of bronchoscopic obstruction by endoscopic 
therapj’-, is important to keep the operative 
mortalitj'^ low. Operation should not be 
performed during an exacerbation of the 
pulmonary infection or immediately after a 
large hemoptj’-sis. Several weeks or months 
may be utilized to raise the patient’s pre- 
operative condition to the optimum. 

In general, the technic of lobectomy for 
bronchiectasis (Brunn,^® ChurchilP'*) with 
hilar ligation of vessels and primary' liga- 
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tion and suture of the bronchial stump, as 
described by Blades,^® is the method of 
choice. Certain peculiarities of these tumors 
must be considered, namely, the enlarge- 
ment of the bronchus due to the tumor 
within it, the location close to the stem 
bronchi, the tendency for the tumors to 
project towards the trachea and the adhe- 
sive pleuritis associated with a long infec- 
tion. The enlargement of the bronchus 
disturbs the relation of the vessels so that 
they must be dissected out with great care 
at the hilum. The position of the tumors 
makes it necessary to amputate the lobe 
close to the stem bronchus. However, at 
times the incision in the bronchus may be 
made below the tip of the endobronchial 
tumor so that a slightly longer bronchial 
stump is obtained. The adhesive pleuritis 
frequently involves the pericardium and 
the adhesions may contain fairly large 
blood vessels. These adhesions must be 
ligated before the}’ are cut. 

In our series, seven of nineteen patients 
have had pulmonary resection performed. 
Three of these underwent pneumonec- 
tomies and four lobectomies. There was one 
operative mortality in a patient who had a 
pneumonectomy. In the remaining six 
cases the results are very satisfactory. 
Wherever the tumor can be removed with 
lobectomy alone, this should be done. 

CONCLUSIONS 

Bronchial adenomas are epithelial 
polypoid tumors which exhibit growth 
potentialities midway between distantly 
metastasizing carcinomatous and purely 
local polypoid bronchial tumors. 

Three morphologic types occur: endo- 
bronchial, intramural and e.xtrabronchial. 
The incidence of intramural and extra- 
bronchial tumor is at least 90 per cent. 

Bronchial adenomas have a characteris- 
tically long clinical course which is related 
to the location in the large bronchus, their 
vascularity and their slow growth. 

Histologic examination of bronchoscopic 
biopsy will definitely establish the diag- 


nosis only if characteristic patterns are 
present. 

Tomography offers a diagnostic proce- 
dure that can determine the location, 
extent and morphology of these tumors. 

Endoscopic removal of bronchial ade- 
nomas is indicated to reestablish bronchial 
drainage; only in the rare endobronchial 
type with thin pedicle can this type of 
removal be complete. 

Pulmonary resection may be indicated 
because of growth of the endobronchial por- 
tion and the suppuration in the distal or 
surrounding lung in approximately 90 per 
cent of the patients. 
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BRONCHIAL OBSTRUCTION^^ 

SIGNS, SYMPTOMS AND DIAGNOSIS 
Paul Holinger, m.d. and Albert H. Andrews, Jr., m.d. 

CHICAGO, ILLINOIS 


B ronchial obstruction is a funda- 
mental pathological process which 
plays an extensive, variable role in 
pulmonary pathology. Its influence on the 
lung is usually determined more specifically 
by the location of the lesion and the degree 
to which the bronchus is obstructed, than 
by the etiology of the process which has 
produced the obstruction. The effects of an 
obstruction of a bronchus may be wide- 
spread, and not limited to the lung dis- 
tal to the obstruction. Gross, significant 
changes in intrathoracic pressure, circula- 
tory changes, extensb'e suppurative proc- 
esses and other physiologic and pathologic 
processes result. It is the purpose of this 
paper to discuss principally the mechanics 
of bronchial obstruction and the signs and 
symptoms which it produces. The disease 
entities which may be responsible for the 
obstructions, as well as those which 
are produced by them, will serve as 
illustrations. 

ANATOMY 

A thorough understanding of the anat- 
omy of the tracheobronchial tree and the 
topographic anatomy of the lobes of the 
lungs and their projected physical and 
roentgen findings is essential to establish 
the exact location of the point at which a 
bronchus is obstructed. Most anatomy 
texts do not provide the description or the 
terminology used by the bronchoscopist or 
the thoracic surgeon to correlate the site of 
an obstructing lesion in a bronchus with 
the peripheral distribution of the effect of 
the obstruction. The recent descriptions of 
Neil,^ Hasse,- Churchill and Belsey,® de 


Pablo, ■' Jackson and Huber, ^ Adams and 
Davenport,® and others have done much to 
focus attention on the importance of the 
segmental arrangement of the lungs and 
the bronchi leading to them. A review of 
this anatomy is somewhat outside the scope 
of this paper and may be obtained directly 
from the published works of the authors 
mentioned. 

PHYSIOLOGY 

The functions of the tracheobronchial 
tree are three-fold : the conduction of air to 
and from the lungs, the final preparation 
of the air for the lungs, and the drainage of 
secretions and foreign material from the 
lungs. The manner in which the first of 
these functions is executed determines in a 
large measure the mechanics of bronchial 
obstruction. The tracheobronchial tree 
cannot be considered merely as a fairly 
rigid tubular system, but rather as a 
dynamic conductor system whose role is 
anything but passive. The bronchi dilate 
and constrict, and lengthen and shorten 
during inspiration and expiration. Further, 
they deviate inferiorly and superiorly as 
the lungs follow the excursion of the dia- 
phragm with a total resultant motion 
simulating peristaltic waves. 

The second function of the tracheobron- 
chial tree, that of the final preparation of 
air for the lungs, is of relativel}^ little direct 
significance to bronchial obstruction. It 
consists simply of warming and humidify- 
ing the air, and of removing foreign mate- 
rial held in suspension in the air. 

The third function, that of drainage, is 
influenced more than mechanically by a 
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bronchial obstruction. Normally, this func- 
tion is carried out by a number of con- 
tributing factors, including the action of 
the cilia, the action of the glands of the 
bronchial mucosa liquefying secretions, the 
respiratory movements, the tussive squeeze 
of the cough reflex and finally the blast of 
the cough itself as the built-up intra- 
bronchial and intratracheal pressure is 
released by a sudden opening of the glottis. 
Almost anj”^ degree of obstruction anj'where 
in the tracheobronchial tree will influence 
one or more of these actions, producing 
profound changes in bronchopulmonary 
physiology. These changes may be in the 
nature of a loss of control of intrathoracic 
air pressures, a further loss of the important 
relationship of these pressures to blood flow 
within the chest, and massive retentions of 
the products of glandular secretions with 
superimposed infections. 

The discussion of the physiologic elTccts 
of respiratory obstruction should be ampli- 
fied because their critical analysis may not 
infrequently result in the prevention of 
irreparable damage. Dyspnea is the first of 
these effects. It may be defined simpl}' as 
an abnormal increase in breathing effort 
and its onset may cause one of three 
phenomena to take place: either an in- 
creased rate of ventilation or minute 
volume of air breathed, maintenance of 
the previous normal level of ventilation 
through a neutralization of the effects of 
the added ventilation by the increased 
effort expended, or a decrease in the venti- 
lation to a level below normal. However, it 
must be remembered that the normal indi- 
vidual sitting quietly in a chair can double 
the rate of pulmonary ventilation with no 
obvious effort and that the changes would 
be recognized only by the trained observer. 
Therefore, in the dyspneic patient it is 
essential to evaluate the air movement in 
and out of the chest to determine whether 
a bronchial or tracheal obstruction is com- 
pensated by the dyspnea, or is decom- 
pensated and requires urgent relief in the 
form of oxygen or surgical interven- 


tion before the decompensation becomes 
irreversible. 

The cause of dyspnea may be reflex or 
physiochemical, or a combination of these 
two factors. Reflex dyspnea is the result of 
abnormal kinetic afferent impulses arising 
in the muscles of respiration and in the 
musculature of the tracheobronchial tree 
through the Hering-Breuer reflex. These 
impulses are initiated bj' an impedence of 
the air flow or b3' a reduction in its velocity, 
and are responsible, together with certain 
phj’siological phenomena, for the subjec- 
tive sensations which cause dj'spnea. The 
physiochemical factor responsible for dysp- 
nea in tracheobronchial obstruction is 
produced both by an increase in the carbon 
dioxide content of the blood, which stimu- 
lates the respiratory center, and bj' a 
decrease in the oxygen content of the blood, 
which increases the irritabllitj* of the 
respirator}' center. 

Great variabilitj’ exists between indi- 
viduals in their response to abnormal re- 
spirator}' conditions. An occasional patient 
is seen whose dyspnea may be entirely of 
the reflex type and may become so severe 
that intervention is necessary even though 
respiratory decompensation has not oc- 
curred. In a similar way there may be a 
variation in response to the rise of carbon 
dioxide in the blood. Anoxia may develop 
gradually and be tolerated without great 
difficulty. However, with the sudden relief 
of a chronic tolerated anoxia, as may occur 
following a tracheotomy or the removal of 
an obstructing foreign body, the carbon 
dioxide may be exhaled so rapidly and the 
anoxia relieved so quickly that the lack of 
stimulation of the center and its decreased 
irritability may result in a respiratory 
paralysis and death. A similar action, 
less severe in degree, may follow the 
administration of oxygen in other types 
of respiratory decompensation. In chronic 
hypertrophic pulmonary emphysema, for 
instance, oxygen may cause severe psy- 
chotic symptoms which gradually improve 
as the therapy is continued. 
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In the diagnosis as well as in the manage- 
ment of obstructive diseases it is impera- 
tive to recognize the onset of respiratory 
decompensation as it manifests itself by 
the presence or the onset of anoxia. When 
anoxia starts, the metabolic processes in 
the body are impaired and muscular 
strength and ability are decreased. Inter- 
vention becomes imperative because the 
course is unfavorable and the point may 
soon be reached when relief ma}'^ not be 
effective. The recognition of anoxia in the 
early stages is difficult and the only reliable 
although impractical method is by oxygen 
concentration determinations of arterial 
blood. Probably the most significant find- 
ing is the change in the minute volume of 
ventilation. When this is reduced and espe- 
cially when it is combined with a change to 
rapid and shallower breathing, anoxia has 
started and extreme measures in the relief 
of the obstruction are indicated. Cyanosis 
is not always a reliable sign, either by its 
absence or its presence. A sudden increase 
or even decrease in the pulse or respiratory 
rate and a rise in body temperature out of 
proportion to a superimposed infection are 
significant signs. The most important single 
observation in the general appearance of 
the patient is the presence or absence of 
exhaustion. 

Alterations in the intrabronchial and 
intrathoracic pressures are responsible for 
the second group of changes in physiol- 
og}' which follow respiratory obstructions. 
These alterations directly affect the blood 
flow through the chest, and the secretion of 
fluids into the alveoli and bronchi, Kernan 
and Barach,"’® Galloway,® Gailbraith,^® 
Adams and Livingston, and others have 
emphasized these effects and have reviewed 
the related literature. The entire subject of 
experimental bronchial obstruction is so 
extensive that in this discussion the find- 
ings can only be summarized. It has been 
shown that the increased positive pressure 
of expiration has no appreciable effect on 
the blood flow. However, the increased 
negative pressure on inspiration has definite 
harmful effects which may be summa- 


rized as follows: (i) Negative intratho- 
racic pressure results in an increase in 
the pulmonary capillary blood pressure 
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Fig. I. Normal respiratory cur^TS recorded on a 
high speed recording drum. 


with transudation of serum into the alveo- 
lar spaces. This is a direct result of the 
increased negative pressure on the heart 
and circulation. The high negative intra- 
thoracic pressure increases the return flow 
of blood to the heart so that the blood flow 
through the chest is increased. The flow of 
blood from the intrathoracic to the extra- 
thoracic aorta and large arteries is likewise 
hindered by the negative pressure, thus 
putting an additional load on the left 
ventricle. As the negative pressure rises 
these two effects just mentioned increase 
until a progressing accumulation of blood 
occurs in the lungs causing the rise in 
capillary blood pressure with congestion, 
transudation, and pulmonary edema. (2) 
Exudation of fluid into the alveolar spaces 
and bronchioles because of the suction 
action of the intrabronchial and intra- 
alveolar negative pressure. (3) A vicious 
cycle producing a further increase in the 
negative pressure due to the attempt to 
compensate for the effects of the other two 
actions by increasing the respiratory effort. 

Thus, the physiologic effects of tracheo- 
bronchial obstruction may be divided into 
their respiratory and their cardiovascular 
actions. Mild obstruction results in a 
dyspnea which remains compensated by 
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Roth metabolism apparatus modified by 
the addition of a high speed drum is the 
apparatus of choice and the technic has 
been described by Barach^- andCournand^^ 
and their co-workers and by Andrews.*"* 
This method records the ventilation and 
tidal air, and also reveals the qualitative 
characteristics of respiration which are of 
diagnostic significance in respiratory ob- 
structive diseases. (Fig. i.) 

Respiratory obstruction in the lartmx 
and trachea shows a symmetrical slowing 
of inspiration and expiration at the ex- 
tremes of the vital capacity tests. (See 
Fig. 2.) Bronchial asthma (Fig. 3) is char- 
acterized by a curved expiratory tracing 
and obstructive emphysema (Fig. 4) by 
a moderately slowed expiratory velocity’ 
and ti'apping of air on successive maximum 
expiratory efforts. Such examinations can 
be used not only in the differential diag- 
nosis of these various types of obstructive 
diseases, but also to demonstrate the 
effectiveness of therapeutic procedures such 
as oxygen, helium, positive pressures, and 
the changes after the administration of 
drugs. 

ETIOLOGY 

A division of the lesions responsible for 
bronchial obstructions into intrabronchial, 
endobronchial and extra bronchial groups 
serves as an etiologic classification. In- 
directly, the age of the patient must like- 
wise be considered a factor influencing the 
pathological condition produced by a 
bronchial obstruction. The small caliber of 
the trachea and bronchi of infants is re- 
sponsible for extensive pulmonary changes 
produced by lesions which would be in- 
significant in the air passages of a child or 
an adult. Similarly, the very soft nature of 
the cartilage of the trachea and bronchi of 
infants permits easj' compression of the 
airway which would be impossible in the 
more rigid bronchi of adults. The funda- 
mental mechanics of the changes produced 
by bronchial obstruction in infants, how- 
ever, are identical to those found in adults. 

Intrabronchial obstructions present the 


most striking and illustrative examples of 
the various effects of bronchial obstruction. 
Into this division fall the cases of intra- 


Maior Etiolod i ieal Divisions 
or Bronchial Obstructions 



Intrabronchial Endobronchied 



Extrabronchial 


Fig. 5. Diagrammatic representation of 
bronchial obstruction produced by 
intrabronchial, endobronchial and 
extrabronchial lesions. 

bronchial foreign bodies, *“ postoperative 
massive collapse of the lungs,*® the bron- 
chial obstructions produced b}^ exudates 
in laryngotracheobronchitis,*" and atelecta- 
sis produced b}’ the thick plugs of asthma.*® 
Intrabronchial obstructions may be further 
subdivided into endogenous and exogenous 
tj-pes. Broncholiths, thick, tenacious, bron- 
chial secretions, inflammatory exudates, 
and occasionally the material from a lymph- 
node which has eroded through the 
bronchial wall, comprise the endogenous 
obstructions. Foreign bodies of every 
description make up the large list of ex- 
ogenous elements which produce intra- 
bronchial obstruction. The recognition and 
description of many phases of the whole 
problem of bronchial obstruction, with 
studies of its physiology and morbid anat- 
omy were, in a large measure, possible 
through clinical and experimental studies 
of the effects of these foreign bodies in the 
air and food passages. 

Endobronchial obstructions are due to 
lesions of the bronchial mucosa, muscula- 
ture or cartilagenous wall. They have 
assumed a constantly increasing impor- 
tance as bronchoscopy and bronchography 
have demonstrated not only their presence 
but also their effect on bronchopulmonarj- 
physiology. They consist of inflammatory 
swellings or cicatricial stenoses of the 
mucosa which partially or completely 
occlude the bronchial lumen; the various 
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types of infiltrative, ulcerative, granulo- 
matous or cicatricial tuberculous le- 
sions;’®'^ the specific infiammalory lesions 
of syphilis, rhinoscicroma and leprosy with 
the characteristic deforming scars which 
these lesions produce when healing;-' and 
both benign and malignant neoplasms. 
The distortions produced by the kinking 
or twisting of the bronchia! walls following 
such procedures as prolonged artificial 
pneumothorax, thoracoplasty or injuries 
must likewise be included in this group, 
although they should not be confused with 
compressions of the walls for which many 
of these same factors may be responsible. 

The e.xtrabronchial factors of bronchial 
obstruction consist of lesions in the medi- 
astinum, heart or lungs which compress the 
lumen of a bronchus by pressure from out- 
side the bronchial walls. Of these, enlarged 
tracheal and hilar lymph-nodes, both 
tuberculous and nontuberculous, arc the 
commonest of the non-ncoplastic lesions. 
These nodes at times assume an c.vtremc 
size and compress the trachea or both 
bronchi to the point of asphy.xia. Enlarged 
mediastinal nodes are fairly common in 
children-- in whom, because of the soft 
nature of the cartilagenous bronchial wall 
and the relatively small size of the lumens 
of the major bronchi, severe dyspnea ma3' 
be produced bj' a relatively mild degree of 
enlargement of the nodes. Other extra- 
bronchial lesions producing bronchial 
compression consist of pulmonar}’ and medi- 
astinal tumors, aneurj'sms, cardiovascular 
anomalies, esophageal tumors or even 
occasional^ esophageal foreign bodies. 

The following is an outline of the eti- 
ology of bronchial obstruction: (See Fig. 5.) 

/. Intrabronchial Obstructions 

A. Endogenous 

r. Secretions 

2. Exudates 

3. Broncholiths 

4. Contents of ruptured Ij'mph- 

nodes 

B. Exogenous 

1. Foreign bodies 

2. Aspirated stomach contents 


II. Endobronchial Obstructions 

A. Congenital web 

B. Nonspecific infiammator\' proc- 

esses 

1. Edema 

2. Infiltration 

3. Cicatricial stenosis 

C. Specific inflammatory processes 

1. Tuberculosis 

a. Edema 

b. Infiltration 

c. Granulomas 

d. Ulceration 

e. Stenosis 

2. Syphilis 

3. Rhinoscicroma 

4. Lepros}' 

D. Distortion of the walls 

1. Kinking 

2. Twisting 

E. Neoplasms 

1. Benign 

2. Malignant 

111 . Extrabronchial Obstructions 

A. Inflammator}’ 

1. Enlarged lymph-nodes 

2. Mediastinal abscess or phleg- 

mon 

3. Lesions of the vertebra 

B. Cysts 

1. Pulmonar}' 

2. Mediastinal 

C. Emph3'sema 

D. Neoplasms 

1. Mediastinal 

2. Pulmonar3’ 

3. Esophageal 

E. Cardiovascular 

1. Aneur3^sm 

2. Heart 

a. Dilatation of left auricle 

b. Enlargement (congenital 

heart disease) 

c. Anomalies 

F. Esophageal foreign bodies 

As with any type of classification, it is 
difficult to separate or segregate an3'^ of 
these factors in an absolute manner. A 
number of overlapping manifestations oc- 
cur with man3' of the lesions, and it ma3’ be 
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impossible to determine the one most be illustrated by a model such as that which 
responsible for an obstruction in any given Eloesser and Freeman^-* have constructed, 
case. For instance, an endobronchial tumor The simplest, or by-pass valve, consists of a 



BY-PASS VALVE, CHECK VALVE 



Fig. 6. Diagrammatic representation of the manner in 
which the four types of valves act to produce bronchial 
obstruction. 


may partially obstruct a bronchus, but small decrease in the size of the bronchial 
total obstruction of the bronchus may fol- lumen such as might be caused by an object 
low because of compression by the extra- lying across the diameter of the bronchus, 
bronchial portion of the tumor. the lumen remaining large enough to allow 

air to pass easily to and fro, without ap- 
T\PES OF BRONCHIAL OBSTRUCTION preclably changing the volume of air entcr- 

Iniportant as are the factors which pro- ing or leaving the lung beyond the point 
duce bronchial obstruction, it is the degree of obstruction. Air passing back and forth 
of the obstruction and its location which over this irregularity is not actually ob- 
are responsible for the pathological condi- structed except in that the column of air 
tion of the lung beyond the point of ob- is broken to form eddies. Such an obstruc- 
struction. In the majority of instances, the tion ma}’ be produced by a small mucous 
mechanics of obstruction can best be plaque on the bronchial wall, a small ir- 
described by designating the obstructions regularity of the bronchial wall due to an 
as valves in a system of tubes. (See Fig. 6.) early bronchogenic carcinoma, or a foreign 
As the Jacksons-^ point out, however, these bod}^ such as an open safety pin lying 
tubes are only semi-rigid and they are not loosely in the bronchus. The onh' evidence 
of constant caliber. Inspiration is accom- that can be obtained of the presence of 
panled by an expansion of the bronchus such an obstruction is a limitation of 
and expiration by a contraction. Conse- motion of the chest on the affected side^ 
quently, numerous factors enter into the and a wheeze heard at the open mouth or 
mechanics of each particular obstruction, on auscultation over the chest, loudest at 
but three types of phenomena form the the point of obstruction, 
basic physical effects of bronchial obstruc- The second type of bronchial obstruction 
tion. These are well known but will be is observed when the obstruction has be- 
briefly reviewed. Their mechanics can best come more marked. It is characteristically 
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produced by many foreign bodies such as classical signs arc a shift of the heart and 
nut kernels, and is present at some stage mediastinum toward the uninvoived side 
of the growth of most endobronchial on expiration with a return to the normal 






Hg piraMcn ^Ex p_mon on 

Fig. 7. Postuons of tfio {unp:«, heart, trachea and diaphragm during inspiration and expiration in 
the various tjpes of bronchial obstruction. 


tumors or cicatricial bronchial stenoses. It position on inspiration and a stationary, 
is designated as a check-valve or ball-valve depressed diaphragm, emph\'sema, and 
type of obstruction because air may pass widened and immobile intercostal spaces 
in one direction onlj', and is dependent on the involved side, 
upon the physiological bronchial e.xpansion It is possible, of course, that this type of 
and contraction which occur during normal obstruction may involve only the bronchus 
respiration. Thus, if a foreign bod}' lies in leading to a single lobe, and thus may 
the bronchial lumen, air may pass it freely produce a marked emphysema of one lobe 
during inspiration as the bronchus in- alone or a cavity simulating a lung ab- 
creases in size. During e.xpiration, however, scess.-'’-' Similarl}-, if the bronchiole lead- 
the bronchial wall collapses around the ing to a lobule is thus inAoIved, a bullous 
foreign body, obstructing the flow of air emphysema may occur, which may rupture 
out of the lung distal to the foreign body, and produce a pneumothorax.-^ An em- 
Another factor contributing to this type physema extending under the visceral 
of e.xpiratory obstruction is the fact that pleura and into the mediastinum may also 
the force of inspiration is greater than that follow such an obstruction, 
of expiration. This dilference increases A difference between the mechanics of 
xvith respiratory embarrassment. On sub- the check-valve and the ball-vaKe does 
sequent respirations, as more and more air exist. How'ever, their ultimate action in 
becomes trapped, an emphysema develops regard to bronchial obstruction is, in most 
in the lung distal to the obstruction. This instances, identical. In the check- valve, 
may be observed by physical signs, on the the \'alve seat remains in a constant posi- 
fluoroscopic screen or on roentgen films tion, opening and closing as the bronchus 
taken at inspiration and expiration. The expands and contracts. In the ball-valve. 
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the obstructing element moves back and 
forth during inspiration and expiration, 
moving into and out of the valve seat. 
Under certain conditions, the check-valve 
or the similar ball-valve acts in the reverse 
manner, allowing air to leave but not enter 
a bronchus. Under such conditions, the 
lung rapidly becomes airless or atelectatic 
and the signs and symptoms are those of 
atelectasis. 

Complete obstruction of a bronchus, 
allowing no air to pass the obstruction 
either on inspiration or expiration, is 
designated as a stop-valve obstruction. 
Following such an obstruction the air in 
the portion of the lung beyond is absorbed 
and the lung becomes airless and shrunken, 
or atelectatic. A typical example of such 
an obstruction is the complete occlusion 
of a bronchus by a round foreign bod}'^ such 
as a nail head, or by an extensive, fungat- 
ing bronchogenic carcinoma. The typical 
findings which characterize such an ate- 
lectasis are the density of the area beyond 
the obstruction, the shift of the heart and 
mediastinum toward the involved side, 
the elevation of the involved diaphragm 
and narrowing of the intercostal spaces on 
the involved side. The opposite lung, if the 
atelectasis is extensive, shows some degree 
of compensatory emphysema. 

Figure 7 illustrates the position of the 
heart, diaphragm, trachea and lungs during 
inspiration and expiration in each of these 
types of bronchial obstruction. 

SIGNS AND SY.MPTOMS 

From the foregoing discussion, it is 
apparent that three principal factors de- 
termine the signs, symptoms and ultimate 
pathological condition of an obstruction 
ot the lower air passages. The first of these 
is the level in the tracheobronchial tree at 
which the obstruction occurs; whether it 
is in the trachea, a major bronchus, or a 
bronchiole. Grossly, this may be considered 
as an anatomical factor. The second princi- 
pal factor is the degree to which the air 
passage is obstructed; i.e., whether the 
action produced is that of a by-pass valve. 


check-valve, or stop-valve. This factor is 
a Junctional one. Finally, the signs and 
symptoms will be dependent, but to a 
lesser degree, upon the relation of the 
obstruction to the bronchial walls; whether 
it is an intrabronchial, endobronchial, or 
extrabronchial obstruction. This is an 
etiologic factor. As these factors act col- 
lectively to produce bronchial obstruction 
they must be considered as they col- 
lectively produce the various signs and 
symptoms of bronchial obstruction. 

The symptomatology of bronchial ob- 
struction is for the most part not charac- 
teristic of bronchial obstruction per se; 
certain underlying s^TOptonis are fairly 
constant, however, influenced in each case 
by the underlying etiologic factor. Other 
symptoms become important only when 
the}’ are associated with a histor}- of a 
bronchopulmonary pathological condition. 
A cough, suggestive of bronchial irritation, 
may not in itself be significant, but it is 
one of the most constant symptoms of 
bronchial obstruction. It may be dry and 
entirely unproductive for weeks and sud- 
denly be associated with hemoptysis and 
a foul, purulent sputum produced b}^ a 
superimposed infection. 

A wheeze is also an extremely important 
symptom because, as stated above, an 
object lodged in a bronchus permitting air 
both to enter and leave the bronchus 
freely will produce none of the changes in 
the lung distal to the obstruction which 
are so characteristic of the other types of 
bronchial obstruction. Thus, with no ab- 
normal physical findings, the wheeze heard 
throughout the chest, loudest over the 
location of the obstruction, ma}' be the 
onl}’ sign or symptom of the object if it is 
nonopaque to .v-rays. 

Dyspnea is likewise an outstanding 
symptom of tracheal or bronchial obstruc- 
tion. All degrees of d\'spnea may be noted 
from the rapidly fatal dyspnea accompany- 
ing an obstruction at the bifurcation of the 
trachea to the sensation of constriction of 
the chest, or chest discomfort which is a 
characteristic expression used by patients 
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with earh' bronchial neoplasms. Pain is 
not a common symptom unless the under- 
lying pathological condition is extensive 
and associated with destructive changes. 
Patients with sharp foreign bodies in the 
bronchi rarely complain of pain, although 
irregular objects such as sharp bone frag- 
ments or dental fillings occasionally cause 
pain which the patient may localize quite 
accurately to the site of the foreign body. 

Certain symptoms should be mentioned 
as characteristically accompanying lesions 
that produce bronchial obstructions. The 
enlargement of the neck and venus en- 
gorgement of the neck and chest which 
follow upper mediastinal neoplasms are 
examples of such symptoms. Similarly', the 
hoarseness due to a paralysis of the left 
vocal cord following involvement of the 
left recurrent lar^mgeal nerve in a neo- 
plastic process at the hilus is a symptom 
of that type of neoplasm, 

Hemoptj'sis is one of the most important 
s^TOptoms of any type of pulmonary 
pathological condition. In reference to 
bronchial obstruction it is not infrequently 
the first evidence of the presence of an 
intrabronchia 1 foreign bod}^ or an earlj* 
bronchogenic carcinoma. Benign bronchial 
neoplasms have been known to manifest 
themseh^es b}^ this symptom many months 
before their slow growth occludes the 
lumen of the bronchus to give further 
evidence of their presence. 

PHYSICAL FINDINGS 

In spite of the extremely important role 
which roentgenology plays in the diagnosis 
of diseases of the chest, the physical ex- 
aminations in themselves not infrequently 
lead to important clues which finallj' 
establish the correct diagnosis, in spite of 
contrasting or negative roentgen findings. 
One of the most constant signs in almost 
all cases of bronchial obstruction is a 
definite limitation of motion on the in- 
volved side, independent of the degree of 
the obstruction. Careful inspection of the 
chest is thus of great diagnostic impor- 
tance in spite of its apparent simpIicit 3 L 


Other signs and symptoms are more 
dependent upon the degree of the obstruc- 
tion and on its location. 

TRACHEAL OBSTRUCTION 

Tracheal obstruction may manifest itself 
by all the signs and symptoms of acute 
respirator}' obstruction, leading to a rapid 
fatality; in the other extreme, it ma}' mani- 
fest itself only through the simplest sign 
of obstruction to the airwa}*, a wheeze. 
Foreign bodies loose in the trachea may 
be heard flying back and forth from the 
Jaryn.Y to the carina during respiration, a 
finding which Jackson-^ has designated as 
an “audible slap” which is accompanied 
b}' a “palpator}' thud” if one palpates 
the larvnx. The “asthmatoid wheeze” is 
invariably present in such obstructions 
associated with a cough, dyspnea and, if 
the obstruction persists, cyanosis. A stri- 
dor, distinct from a wheeze, is often 
characteristic of tracheal obstructions, with 
the associated indrawing of the supra- 
sternal notch, the epigastrium and the 
intercostal spaces. Tracheal obstructions 
due to mediastinal neoplasms not infre- 
quently involve the esophagus as well, and 
consequently the patient complains of 
difficulty in swallowing and the regurgita- 
tion of food into the trachea due to 
esophageal overflow. 

Auscultatory findings in tracheal ob- 
structions are a loud stridor, wheeze and 
sonorous rales heard throughout the chest. 
These are generallj" accompanied by a 
diminution of the intensity and e.xcursion 
of the breath sounds and a change in the 
percussion note, depending upon the degree 
of obstruction, i.e., if an obstructive em- 
physema has been produced, a hj'per- 
resonant or tympanitic note will be heard; 
whereas if the obstruction has produced a 
drowned lung, the chest will be dull to 
flat on percussion. 

Obstructions at the bifurcation of the 
trachea are most interesting and many 
times extremely confusing because they 
may produce opposite types of obstruction 
in the two major bronchi. A tumor at the 
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bifurcation of the trachea may only partial- 
ly obstruct both major bronchi, giving 
the findinsis of a bilateral obstructive 
emphysema. Or, it may completeh' occlude 
one bronchus and partially the other, 
resulting in an atelectasis of one lung with 
an obstructive emphysema of the other. 
Such patients at times present rapidly 
changing findings as one or the other major 
bronchus opens due to the extreme respir- 
atory effort the patient makes to breathe. 
Two foreign bodies aspirated at the same 
time present findings identical to those of a 
tracheal obstruction. Thus, a child who 
chokes while eating peanuts may aspirate 
one part of a kernel into the right main 
bronchus, and then, following the next 
cough, inspire a second piece which is 
sucked into the left bronchus because of 
the occlusion of the right. The bilateral 
obstruction which results is indistinguish- 
able from a tracheal obstruction. 

OBSTRUCTION OF .A. .M.AJOR BRONCHUS 

Partial obstruction of a major bronchus 
results in complete unilateral, obstructive 
emphysema. This is characterized by 
findings of limited expansion, relative 
hyperresonance to tympany and a marked 
suppression of breath sounds on the in- 
volved side. It may be accompanied by 
an inspiratory and expiratory vheeze and 
occasionally by rales or rhonchi. The heart 
and mediastinum are shifted to the unin- 
volved side on expiration, and, as Eloesser"^ 
states, the a fl eeted side of the chest is 
dilated rather than shrunken. ^^Tth com- 
plete obstruction to the bronchus one may 
have the signs and symptoms of pneumonia 
or an empyema due to the “drowned 
lung.'’ The distinguishing feature is the 
marked decrease in size of the lung distal 
to the point of obstruction compensated 
by a shift of the heart toward the involved 
side and an elevation of the diaphragm on 
the involved side. There are generally 
many rales present, but these depend to 
some extent upon the degree of secondarv 
inlection. There is a limitation of motion, 
dulness to flatness on percussion, and fre- 


quently marked bronchial breathing and 
bronchophony in the early stages of the 
atelectasis with breath sounds entirely 
absent if the atelectasis is of long duration 
or is extensive. 

Obstruction of the bronchi leading to 
single lobes produces varying degrees of 
signs and symptoms dependent, generally, 
on the underlying pathological condition 
and degree of infection rather than upon 
the fact that the bronchus is obstructed. 
Both lower lobes are not infrequently 
involved in inflammatorv obstruction,-® 
giving relatively mild symptoms. How- 
ever, the essential findings are similar to 
those described as following an obstruction 
of a major bronchus, except that the}' are 
more limited in their extent to the topo- 
graphic outline of the lobe. 

ROENTGEN FINDINGS 

The roentgen aspects of the diagnosis 
of bronchial obstruction depend upon a 
complete roentgenographic study of the 
chest. The practice of basing an interpre- 
tation on one or two views of the chest 
leads to gross errors not only regarding 
the presence or absence of an obstruction, 
but also the location of the lesion. Fluro- 
scoplcally, areas of density or emphysema, 
the motion of the diaphragms and the 
shifting position of the heart and medi- 
astinum on inspiration and expiration are 
significant. ^^'hlIe there are no actual 
roentgen findings in the bl-pass type of 
valve obstruction, unless the obstructing 
element itself is an opaque object, such as 
a common pin or a nail lying across the 
bronchial lumen, (see Fig. 8) the fluoro- 
scopic findings of the next degree of bron- 
chial obstruction, namely, that due to a 
check or ball-valve, are of greatest impor- 
tance in establishing the diagnosis. They 
had been observed in individual cases for a 
number of years, but the extensive work of 
Manges^® led to their widespread recogni- 
tion and acceptance. He stated that the 
fluoroscopic findings of such an obstruction 
were an increase in the transparency of the 
afl'ected lung, a depression and limitation of 
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motion of the diaphragm on the involved trapped air and its resulting ph3siologic 
side, a displacement of the heart and plienomena as Manges described them, 
mediastinal structures toward the unin- The roentgen findings in complete bron- 



Fk.. S. Itornlui'nofrr.iin*; illtKtr.ititi" ttic First dvsrLf of 
liroticlii.il obstruction. Tlic piticnt w.is ;i iiill-jiostcr ulio 
.■is;>/r.Ttt<J t«ff t.'icFs wilt n lie fell off ;i l.uldcr. A ci'n'-t;int 
\\ lice/c lie.irti erjiiallv on both sides of the chest led to the 
d/.'ittnosjs of ■*;istlmu.'’ The forcittn bodies, one in crich 
tnnin bronchus, were fin dh rcrnosed l>ronclioscopic,dh 
cipht sc.'trs .-iftcr the .•iccidcnt. Note the .’ilisencc of p.ith- 
olotjic cli.'inpcs in tlic Innps rlist.d to tlie foreign bodies, 
eh.'ir.-icteristic of this tspc of hronclii.il obstruction. 


\oIvcd side on expiration, and finailv a 
compensatory increase in the motion of the 
diaphragm on the uninvolvcd side. ( Fig. 9.) 
Bronchoscopicobservations have confirmed 
the roentgen interpretation that thc.se 
findings were due to the presence of 
bronchial obstructions innumerable times. 
Further studies of these phenomena have 
been made to demonstrate areas of partial 
bronchial obstruction in which pulmonar\' 
tissue composing less than a lobe was 
involved. Golden'” reported the fluoro- 
scopic observation of abnormal respiratorv 
displacement of the lower lung structures 
parallel with the movement of the dia- 
phragm as the first evidence of obstructive 
emphj'sema in two cases. 

As is well known, obstructive emphj'sema 
ma3f be recorded on the roentgenogram by 
making exposures at extremes of the 
respirator3r c3'cles and comparing the posi- 
tions of the diaphragms and mediastinum 
as well as the densit}'^ of the lungs on the 
two exposures. Thus, while a film made on 
deep inspiration shows both lungs com- 
pletel3’ inflated in this t3'pe of obstruc- 
tion, the expiration film demonstrates the 


dual obstruction are more obvious than 
tho.se in partial obstruction because of the 
area of density distal to the obstruction. 
fFig. 10.) In complete obstructions of the 
main bronchi, the well known findings are 
the shift of the heart and mediastinal struc- 
tures toward the involved side during both 
phases of respiration, the elevation and 
li.xation of the diaphragm on the involved 
side, and the density of the atelectatic 
lung. These findings are associated with a 
compensator3' emph3'sema of the opposite 
side. Complete obstructions of the bronchi 
leading to single lobes or parts of lobes 
have less influence on the heart and medi- 
astinal structures although they usuall\’ 
do give roentgen evidence of a shift of 
these structures toward the involved side, 
thus aiding in the differentiation between 
an atelectasis, a consolidation or a drowned 
lung. Atelectatic lobes or parts of lobes 
generally assume a more or less triangular 
shape and are frequently designated as 
triangular shadows.^- It ma}' be generalh' 
assumed that the bronchial obstruction in 
such triangular shadows lies at the apex 
of the triangle. However, it is essential 



Nrw Series Vol. LIV, No i 


Holinger, Andrews — Obstruction American Joumai of Surgery 205 


that the shadow be studied roentgeno- 
graphically in two planes, in order that 
the particular obstructed bronchus may 
be accurately localized. 

BRONCHOGRAPHY 

The importance of roentgen visualiza- 
tion of the bronchi was realized by 
Jackson^^ who in 1918 made the first satis- 
factory bronchograms by means of bismuth 
insuhlations into the bronchi through a 
bronchoscope. Sicard and Forestier^^ using 
iodized poppy-seed oil (lipiodol) added a 
greatly improved radio-opaque medium 
which readily lent itself to intrabronchial 
instillation. At the present time, a variety 
of halogenated oils^^ is used, making the 
practice of roentgen visualization of the 
tracheobronchial tree a routine procedure 
in examinations of the bronchopulmonary 
system. A standard technic may be de- 
scribed as follows:^® “In the adult the 
pharynx and larynx are anesthetized by 
means of 2 per cent pontocain spray fol- 
lowed by the instillation of 2 cc. of the same 
solution into and through the larynx, by 
means of a larvnaeal svringe under mirror 
guidance. Again under mirror guidance a 
catheter on a curved wire stj'lette is passed 
through the larynx. The stylette is then 
removed as the catheter is advanced down 
the trachea. Under the fluoroscope the 
warmed oil is Instilled into the desired area 
by manipulating the distal end of the 
catheter. In this manner the Injection is 
limited to the area to be studied, and the 
subsequent films, taken immediately, pre- 
sent no confusion of superimposed shadows. 
Antero-posterior, lateral, and oblique films 
are indicated. In children, the catheter may 
be passed through the nostril and guided 
into the trachea under direct laryngoscopy. 
No anesthesia is necessary. Numerous 
bronchoscopists prefer the bronchoscope 
for the purpose of Introducing the oil; 
some clinicians favor the perglottic method 
and others the laryngeal cannula, intuba- 
tion cannula, or rubber catheter placed 
into the larynx as described above; some 


find that excellent results are obtainable by 
introducing the material supraglottlcalh", 
while others prefer to inject the material 
through the cricothyroid membrane.” 

A detailed discussion of this subject with 
an extensive review of the literature and 
the technic may be obtained from the com- 
prehensive article by Jackson and Bonnier®^ 
in which they stress the advantages of the 
catheter methods of instillation of the oil. 
From the roentgenographic standpoint 
they stress the importance of unilateral 
filling in certain cases in which the lateral 
view will play a determining factor in 
interpretation of the pathological condi- 
tion, and the value of the oblique views if 
both major bronchi have been filled with 
oil. 

Careful guidance of the oil into the areas 
requiring particular study is essential to 
obtain a complete visualization of the 
existing condition. This may be done onl}^ 
through fluoroscopic guidance of the oil 
as it enters the bronchi, and the tilting of 
the patient into such a position that the oil 
runs into the desired areas, whether they 
be lower, middle or upper lobes. 

According to Farinas,®^ the use of iodized 
oil in bronchography has many disad- 
vantages. These Include its high viscosity 
which prevents its flow into certain sten- 
otic areas, thus failing to show the extent 
of a stenosing lesion, as well as the fact 
that it remains in the lung parencltyma 
for long periods of time, especially in cases 
of incomplete bronchial stenosis. Farinas 
has substituted solutions of organic salts 
of iodine, such as uroselectan, for the 
iodized oil in such examinations. He finds 
these salts entirely nontoxic and nonirritat- 
ing. Furthermore, their viscosit}' permits 
easy flow through any stenosis, and finally, 
they are rapidly and completely absorbed 
by the broncho-alveolar mucosa. Because 
of this rapid absorption it is necessary to 
take films while the solution is being 
Injected. 

Recent improvements in the technic of 
planography have added another diag- 
nostic procedure which is available to aid 
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Fig. 9. Three cases of obstructive emphysema, a, inspiration, b, expiration 
films of a six-year-old girl who had an intrabroncbial obstruction (peanut) 
in the right bronchus which functioned as a check valve. ^^TiIe a slight 
emph\-sema is apparent on the right side on inspiration, the diaphragms 
and position of the heart are normal. On expiration (b), however, the 
emphysema on the right side becomes very pronounced; the heart and 
mediastinum shift to the left and the right diaphragm remains stationarj’. 
The difference in the intercostal spaces on the two sides is striking and 
senses as an additional diagnostic feature, c, extreme obstructive em- 
physema of the left lung produced by an endobronchial lesion, a congenital 
web in the left main bronchus. The infant, twenty-four hours old, was in 
extreme respiratory' distress, -with tympany and absent breath sounds 
on the left side of the chest. A bronchoscopic examination revealed the 
web and it was dilated with forceps, n, roentgenogram forty-eight hours 
later. Breath sounds were equal on the two sides of the chest and fluor- 
oscopy as well as the roentgenogram showed the heart and mediastinum 
to have returned to their normal positions, e, obstructive emphysema of 
the left lung due to an ettrabroncbial lesion, an aortic aneurism, which 
compressed the left main bronchus. Roentgenogram taken on deep in- 
spiration. F, roentgenogram taken in deep expiration. The left diaphragm 
has remained stationaiy, the mediastinal structures have shifted toward 
the right and air has been trapped in the left lung. 
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Fig. lo. Complete bronchial obstruction resulting in atelectasis, (a) antero- 
posterior and (bI right lateral views of a patient who aspirated a rivet. It is 
visualized in the right lower lobe bronchus and has caused a complete 
bronchial obstruction and atelectasis. The typical roentgen findings of 
atelectasis are illustrated by this and the other three cases shown. Note 
the density of the area distal to the obstruction, the elevation of the dia- 
phragm on the involved side, and the shift of the mediastinal structures 
tow.ard the involved side in each instance, c, four-year-old girl with 
atelectasis of the right lung due to a tuberculoma in the right main bron- 
chusi. D. atelectasis of the left lower lobe due to a bronchogenic carcinoma, 
c. .atelectasis of the right upper lobe due to complete obstruction of the 
bronchus by a carcinoma. The configuration of the involved lobe is ivell 
illustrated in the later.al projection. F, histologic examination of tissue re- 
moved bronchoscopically established the diagnosis in each of the last 
three cases. 
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in establishing the presence of a bronchial 
obstruction. 

BRONCHOSCOPY 

In recent years bronchoscopy has be- 
come a universally accepted procedure. 
The bronchoscope has come to be con- 
sidered a diagnostic instrument or specu- 
lum which permits direct inspection of the 
tracheobronchial tree of a patient of any 
age. Indications for bronchoscop}', which 
were formerly limited to the extraction of 
foreign bodies, have broadened so that now 
bronchoscopy is a routine aid in both the 
diagnosis and treatment of bronchial ob- 
struction. Foreign bodies, tumors, bron- 
chial compression and cicatricial stenoses 
produce identical physical and -v-ray find- 
ings. Consequently, direct inspection must 
serve to establish the diagnosis of the actual 
obstructing agent. In the inflammatorj' 
diseases dried plaques of mucus, edematous 
infiltrations or the cicatrix produced by a 
healing ulcer may be responsible for the 
findings of obstruction and only the endo- 
scopic view can establish the correct 
diagnosis. In cases of neoplastic diseases 
bronchoscopic inspection serves to estab- 
lish the nature of the lesion through the 
removal of tissue for biopsy as well as to 
aid in determining its extent along the 
bronchial walls. In this respect, broncho- 
scopic inspection of the upper lobe bronchi 
and distal portions of the lower lobe bron- 
chi deserx'^es special consideration. Various 
technical measures are available to the 
bronchoscopist to make these examina- 
tions.^® The use of retrograde telescopes 
and bronchoscopic mirrors serves to aid 
in the inspection of certain portions of the 
upper lobe bronchi. The use of the biplane 
fluoroscope to guide curved instruments 
into the upper lobe bronchi or into distal 
portions of the lower lobes facilitates the 
removal of tissue from those areas if they 
cannot be inspected directly. The use of 
artificial pneumothorax to bring an upper 
lobe bronchus into a more direct line with 
the main bronchus is of e.xtreme value 


when an upper lobe bronchus is obstructed 
by a lesion suspected of being a neoplasm 

DIFFERENTIAL DIAGNOSIS 

Since a bronchial obstruction is depend- 
ent upon some underlying pathology due 
to a host of etiologic factors, the final 
diagnosis must be that of the underhung 
pathology. The differential diagnosis of 
bronchial obstruction, per se, consists of a 
consideration of those lesions simulating 
the effects of partial or complete obstruc- 
tion. In the first category', bronchial 
asthma and puImonar3' emph3'sema assume 
an important role because theA' both often 
closeh' simulate diseases due to bronchial 
obstruction. Possibly* even more significant 
is the frequenc}- with which a true bron- 
chial obstruction is considered a simple 
asthma. The confusing factor most fre- 
quentl}' is the wheeze produced bj- an 
obstruction which is asthmatic in charac- 
ter. It differs from an asthmatic wheeze, 
however, because the latter is usually 
altered at least temporarih' on cough, and 
is explratorj' in nature. The wheeze of 
bronchial obstruction is uninfluenced b\' 
cough and is inspirator3' in character. In 
questionable cases, bronchoscop3- and bron- 
chograph3- lead to a final diagnosis. 

Lesions simulating the effects of com- 
plete bronchial obstruction or atelectasis 
are more numerous and consist essentiaJh' 
of pneumonic consolidation, emp3'ema and 
tumors. Tumors large enough to give 
ph3-sical evidence of pulmonar3' pathologi- 
cal conditions ma3' usuali3' be recognized 
as such b3' their roentgen configuration. 
The3' are, of course, not infrequently in- 
volved in a process producing bronchial 
obstruction, when their differentiation from 
the atelectasis the3' ha\-e produced becomes 
almost impossible. Planograph3' and over- 
exposed roentgen films ma3- aid in such 
differentiation, and again bronchoscopy 
and bronchography are indispensable. 

Atelectasis is most frequentl3' confused 
with intrapleural collections of fluid. A 
persistent atelectasis having had an acute 
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onset closely simulates a pneumonia fol- 
lowed by empyema. The actual differentia- 
tion depends on the position of the heart 
and mediastinum, fluid causing them to be 
pushed away from the involved side and 
atelectasis drawing them toward the af- 
fected side. The shifting dulness of fluid is 
another differentiating point. Since an 
empyema may follow an acute bronchial 
obstruction, however, the actual diagnosis 
may be made only after the fluid is with- 
drawn and the lung fails to expand. 

The differentiation of an acute pneu- 
monic consolidation from an acute ate- 
lectasis is usually dependent upon the 
history and the size of the involved lung 
in relation to its normal size. Postoperative 
massive collapse of the lung is frequently 
confused with postoperative pneumonia, 
but a careful physical and roentgen stud^^ 
of the position of the heart will be the 
most important distinguishing characteris- 
tic. Added difficulty is encountered, how- 
ever, in cases of complete bronchial 
obstruction upon which is superimposed 
a severe suppurative infection to produce 
a “drowned lung”. In this case the prod- 
ucts of suppuration so completelj’ fill the 
bronchi and lung distal to the obstruction 
that it retains its normal size and shape, 
yet has the physical and roentgen findings 
of consolidation. Dift'erentiation in such a 
case may be made only through a history 
suggestive of bronchial obstruction, a 
failure of the pneumonic process to subside 
and the inspection of the involved bron- 
chus with a bronchoscope. 
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FOREIGN BODIES IN THE LUNG 


Chevalier Jackson, m.d. ani 

PHILADELPHIA, 

F rom the viewpoint of thoracic sur- 
gery foreign bodies in the lung fall 
naturally into two very different 
classes: inspirated foreign body and pene- 
trating foreign body. This is no quodlibetic 
distinction; the two classes are entirely 
different in almost every clinical feature. 

PENETR.A.TING FOREIGN BODY 

In most instances foreign bodies enter- 
ing the lung by any route other than the 
natural passages are projectiles. These 
cases usually call for care by the surgeon. 

In case of small penetrating projectiles, 
however, if it is decided advisable to re- 
move the intruder and there is no indica- 
tion for opening the chest other than for 
removal, the foreign bodv can be removed 
through the mouth by bronchoscopy. The 
limit is the size of the foreign bod}", this 
limit is imposed by the size of the bronchus 
tributary to the invaded lobe.- 

If the projectile has come to rest in a 
bronchus, removal is quite simple. If, how- 
ever, the missile has lodged in parenchymal 
tissue, the biplane fluoroscope and pene- 
trating forceps will be required at broncho- 
scopy. This procedure is almost always 
advisable when there are any indications 
that fabric of any kind has been carried in 
by the penetrating object, because in such 
cases suppuration is inevitable no matter 
how small the foreign body. Am'way, 
bronchoscopic removal is relatively such a 
minor procedure that no hesitation should 
be felt in advising it. Diagnostic broncho- 
scopy is advisable in all cases of projectile 
in the lung, no matter how large the in- 
truder may be, to determine local condi- 
tions. Hemorrhage from a gunshot wound 
of one lung may be controlled by packing 
the tributary bronchus with bismuth 
subnitrate. - 


Chevalier L. Jackson, m.d. 

PENNSYLVANIA 

inspirated foreign body in the LUNG 

Foreign bodies reaching the lung by the 
natural passages constitute a class of case 
that has been, as stated by the late W. W. 
Keen, “entirely revolutionized by bron- 
choscopy.” It may be added that the 
revolution concerns diagnosis as well as 
treatment. It is a platitude to say that the 
diagnosis of radiopaque foreign bodies has 
been revolutionized by the roentgen ray; 
but it ma\' be added that the broncho- 
scopist and the radiologist in collaboration 
have made discoveries that have revolu- 
tionized the whole subject of diagnosis of 
pulmonary disease, including the interpre- 
tation of physical signs.-’®’’* These matters 
concern chiefly the subject of bronchial 
obstruction which is covered by the article 
of Paul Holinger on other pages in this 
issue of the American Journal of Surgery. 

tre.\tment of foreign body in the 
LUNG 

All inspirated foreign bodies other than 
those minute particles concerned in pneu- 
monoconiosis should be removed. In the 
days when removal of bronchially lodged 
foreign bodies involved thoracotomy there 
was ample ground for discussing advisabil- 
ity of removal; but in these days, when 
almost any localizable foreign body that 
has entered the lung by natural passages 
can be removed by the same route, it is 
unjustifiable to delay for encystment which 
is a remote possibility, or suppuration, 
which is a certainty.®’’ 

Eviergencx'' Cases. The most urgent and 
dangerous emergency occurring in cases of 
foreign body in the air passages is impend- 
ing asphj-xia. It therefore requires primary 
consideration. 

Impending Asphyxia. When a foreign 
body, such as a bolus of meat or a large toy 

II 
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is impacted in the laryngophar3mx, or in 
the larjmx itself, it not only obstructs the 
entrance of air, but unfortunately it per- 
mits escape of air past the foreign body on 
expiration. The effect of this one-way 
valvular action is that the normal thoracic 
movements are not only unable to draw in 
air, but they actually pump air out of the 
lung. The thus created bilateral atelectasis 
is so sudden and complete that it is alwaj's 
fatal, unless a physician happens to be 
present when the accident occurs. 

The symptoms in such a case resemble 
those of an epileptic seizure in that the 
patient falls unconscious and is livid in 
color. The distinguishing features are (a) 
though the patient may clutch at his throat, 
there are no true convulsive movements of 
the extremities; (b) when unconsciousness 
supervenes the patient is motionless; 
and (c) there is indrawing at the guttural 
fossa. 

When these three differential diagnostic 
points are observed the physician should 
not hesitate to do an emergency tracheot- 
omy.^ Artificial respiration will be neces- 
sary if respiratory movements have ceased. 
If the patient is intoxicated as is often the 
case, the artificial respiration may have to 
be kept up for a considerable time before 
the patient can be trusted to do his own 
breathing. In such cases oxj^gen, if promptly' 
available, is invaluable. Still better in all 
cases of impending asphj'xia is oxygen with 
carbon dioxide, 5 or 7 per cent admixture, a 
fact established bj^ Yandell Henderson. 

The emergency of impending asphj’^xia 
having been eliminated bj’’ tracheotomy the 
foreign body, such as meat impacted in the 
laryngopharynx, or a toy in the larjmx, is 
then to be removed through natural pas- 
sages, by direct laryngoscopy. 

It might be thought that instead of doing 
the tracheotomy in case of pharyngeal 
impaction of such a foreign body as a large 
mass of meat, the phj’-sician could remove 
the obstructive mass with the finger and 
thus obviate a tracheotomj'. This maj' be 
possible in some cases, but usuall}’^ the 
efforts at digital removal increase the 


impaction, and the thus delayed trache- 
otomy may be too late. 

Of course, if endoscopic means of re- 
moval are set up and ready a facile endo- 
scopist could in a few seconds remove the 
obstruction, insert a bronchoscope through 
the mouth and resuscitate the patient by 
bronchoscopic insufflation of oxygen (plus 
carbon dioxide) ; but we are discussing here 
the emergencies that confront the prac- 
titioner. Ever}^ physician is, or should be 
able to do promptl}’- a two-step, finger- 
guided emergency tracheotom3^^’^ 

The cardinal signs of obstructive laryn- 
geal dyspnea calling for tracheotomj' are as 
follows (i) Indrawing at the supra- 
sternal notch; (2) indrawing around the 
clavicle; (3) indrawing of the intercostal 
spaces; (4) indrawing at the epigastrium 
forming a “funnel breast”; (5) restless- 
ness; (6) choking and waking as soon as the 
aid of the voluntary respiratory muscles 
ceases in falling to sleep; (7) ashy color of 
the face, and (8) cj^anosis is a dangerousl}'^ 
late symptom. 

Potential Asphyxia. A patient with a 
foreign body may be apparently perfectly 
normal 3fet be in danger of onset of 
asphyxia. 

No consideration of the subject of 
emergencies in case of foreign bod3'^ in the 
lung would be complete without a warning 
against the symptomless interval.- In our 
records are innumerable instances of a child 
dismissed with a negative opinion as to 
presence of a foreign bod3^ because of 
absence of S3miptoms at the time of exami- 
nation. It does not seem to be realized 
general^'’ that a foreign body can be lodged 
in a bronchus and 3fet the child be happy 
and playful, without cough or any obvious 
abnormality. Yet our clinical records show 
that in nearly 80 per cent of the cases of 
foreign bod3' there was, after the initial 
gagging and choking, a symptomless inter- 
val varying in duration from a few hours in 
case of a bean or a peanut to a few months 
in case of a pin or needle. We have notes of 
many cases of a child dying of asph3'xia on 
the wa3' to our clinic. In a number of such 
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cases the child after an attack of choking 
and gagging on some foreign substance had 
been taken to a physician who had found 
“nothing wrong with the child.” After a 
symptomless interval alarming symptoms 
developed and the patient died on the way 
to the hospital. The mechanism in such 
cases was of three kinds: 

A. In some such cases an inspirated 
foreign body such as an orange seed was 
coughed loose and was impacted in the 
glottis. 

B. In other cases a large foreign body, 
such as a half peanut kernel, turned cross- 
wise at the bifurcation, obstructing ingress 
of air into both lungs; lifting on expiration 
it really acted as a one-way valve pumping 
air out of both lungs; asphyxia in such cases 
was sudden. 

C. Quite frequently the asphyxia was 
due to increase in size of a tracheally or 
bronchially lodged foreign body, by its 
swelling, together with narrowing of the 
passages by mucosal swelling. This com- 
bination occurs always with dried beans 
and maize, and often with other bodies. 
These substances, swell enormously from 
absorption of water and, like all vegetal 
foreign bodies, cause a fulminating reaction 
in the tracheobronchial mucosa, the in- 
tensity being inversely' as the age of the 
child. It takes very little swelling of the 
mucosa to narrow the airway in the small 
bronchi of children.-’^ 

In these cases of symptomless interval, 
the apparently normal, even playful be- 
havior of the child gives no warning of the 
desperate impending asphyxia that may 
supervene suddenly a few hours later when 
the airway is occluded by the swelling of the 
foreign body and the mucosa. Of course, 
the greatest danger and urgency is in cases 
of foreign body in the trachea or at the 
bifurcation. Occlusion of one main bron- 
chus does not cause dyspnea so long as the 
foreign body remains fixed. If, however, 
even in such a case the foreign body should 
be coughed loose, it is almost certain to be 
inspirated into and occlude the other main 
bronchus. Immediate asphyxia usually 


follows lodgment, because the previously 
obstructed lung being more or less at- 
electatic does not immediately resume 
function.'* 

t 

BRONCHOSCOPY FOR FOREIGN BODY 

In the foregoing we have considered the 
emergencies incidental to foreign body in 
the lung or obstructing the airway leading 
thereto. As a matter of fact, however, rela- 
tively few of the total number of cases of 
foreign body in the airway constitute 
emergencies. 

Nonobstructive metallic foreign bodies 
such as needles, pins, small tacks, screws 
and nails in the tracheobronchial tree, do 
not constitute an emergency. The lungs are 
remarkably tolerant of such objects as long 
as the}' are not greatly obstructive. The 
barrier of the mucosa and bronchial wall is 
powerfully resistant to infection as long as 
ventilation and drainage are maintained.® 
In fact, iron and steel objects have an 
inhibitory effect on suppurative infections, 
probably b}"^ ionization. When there is 
obstruction to ventilation and drainage, 
however, suppuration will supervene. Even 
in such cases, there is no emergency. It will 
take weeks, in case of pins and needles 
months, for suppuration to get started, and 
even longer before the bronchial walls break 
down and abscess forms. There is, there- 
fore, no justification for precipitate proce- 
dure. A well planned and carefull}' executed 
peroral bronchoscopic procedure will be 
successful in close to 100 per cent of the 
cases of inspirated foreign body. 

Tecbnic of Bronchoscopic Foreigyi Body 
Removal. The technic of insertion of the 
bronchoscope is easily acquired by com- 
petent instruction and training; the re- 
moval of a foreign body is, however, in 
many instances a highly technical, com- 
plicated procedure fraught with pitfalls and 
difficulties that may greatly endanger the 
patient’s life. Adequate consideration of 
these technicalities is beyond the scope of a 
magazine article. They are fully considered 
in standard textbooks. 
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The disturbances caused by abnormally situated thyroid lobes are 
dependent almost entirely upon the meehanicai displacement of organs 
native to this region. . . . The organs involved are the trachea, the 
esophagus, the blood vessels, and the nerves. 

The brief excerpts in this issue have been taken from “Diseases of the 
Th3Toid Gland” bj'' Arthur E. Hertzler (C. V. Mosbj^ Companj’^). 



RECENT DEVELOPMENTS IN SURGICAL TREATMENT OF 

PULMONARY TUBERCULOSIS 

Ethan Flagg Butler, m.d. 

ITHACA, NEW YORK 


INTRODUCTION 

I N approaching the subject of recent 
.developments in any field of surgical 
endeavor, it behooves one to review 
the historical background upon which 
rests the accepted philosophy of today. 
Of value are the records of past mistakes, 
that one may know what to avoid. Of even 
greater value, are the enduring truths that 
guide one into safer paths. Therefore, the 
historical approach, although of neces- 
sity in greatly condensed form, is em- 
ployed in this discussion. Those who would 
delve further into this fascinating field 
should consult Murphy,^ Sauerbruch,- 
Ale.xander, Graham, Singer and Ballon,“ 
and in particular, the writings and the 
discussions of Willy Meyer, which are 
replete with illuminative historical refer- 
ences, the accuracy of which cannot be 
questioned. 

The discussion aims to trace the evolu- 
tion of the philosophy of surgical treat- 
ment from the first serious efforts of the 
closing decades of the last century, through 
and including the thoughts expressed in 
the more important meetings of 1941. De- 
tails of technic, tabulations of indications 
and contraindications have, for the most 
part, been excluded. All those topics can 
be found readily in the literature. The view- 
point is that of a general surgeon; that of 
an individual. 

Historically, three periods are recog- 
nized; the early period, the period of 
collapse therapy by trial and error and 
the period of rationalized collapse therapy. 
More OT less arbitraTy limits have been 
adopted. The first period embraces the 
last three decades of the nineteenth cen- 
tury. The second period embraces the first 


three decades of the present centur}-. The 
third period dates from 1930. 

Certain premises have been postulated, 
some purely surgical, others of broader 
implication : 

First Premise. Rest under sound medi- 
cal supervision, remains the unshaken 
cornerstone of treatment for pulmonary- 
tuberculosis. 

Second Preniise. Pulmonary tubercu- 
losis never was and never will be a “sur- 
gical disease.” Operative intervention will 
prove beneficial to a fraction only, of all 
patients, and properly, therefore, is appli- 
cable to a fraction only. 

Third Premise. The whole subject of 
surgical treatment of pulmonary tubercu- 
losis is still in an evolutionary stage. Few, 
if any, “final words” have been written. 
There is vast room for improvement in 
every aspect of the work. 

Fourth Premise. The practice of surgery 
includes the application of ten or more 
specific basic policies. Three of these basic 
policies are now, or have been at some 
time, utilized in the surgical treatment of 
pulmonary tuberculosis. They are: (i) the 
policy of total extirpation; (2) the policy of 
drainage, and (3) the policy of indirect 
surgery. Total extirpation is one of the 
most powerful weapons at the disposal of 
the surgeon. Drainage is likewise a power- 
ful weapon. Indirect surgical attack is a 
very weak weapon, possibly surgery’s 
weakest weapon. 

EARLY- PERIOD 

Anesthesia, antisepsis and asepsis paved 
the way for the renaissance of surgery 
during the eighth decade of the nineteenth 
century. Experimental and clinical surgery- 
advanced at a rapid pace. It was the day' 
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of direct surgical attack; total extirpation, 
drainage, plastic operations, anastomoses, 
such similar procedures. The abdomen, the 
cranium, the thorax were all entered. The 
results of direct surgical attack for abdomi- 
nal disease were definitely encouraging, 
and in that decade were laid the founda- 
tions of many a modern abdominal opera- 
tion. Not so, however, in the case of 
thoracic disease, tuberculous or otherwise. 
It was soon discovered that the thorax 
could not be opened with impunity. 
“Open surgical pneumothorax,” udth its 
high rate of asphyxial death, became the 
deterring factor in intrathoracic surger3r 
and remained so for 3'^ears to come. Other 
than the Estlander and Schede operations 
for chronic emp3'ema, which still survdve in 
somewhat modified form, little if an3’^thing 
has come to us from the decade 1870 to 
1880. It is significant that those operations 
were designed for patients whose medi- 
astina had already become fixed b3' disease, 
and who could tolerate extensive opera- 
tions upon their chest walls without the 
risk of paradoxical respiration and as- 
ph3'xial death. 

Lobectom3% open drainage, instillation 
of antiseptics into cavities, were all 
attempted on tuberculous patients. Sauer- 
bruch,- at the 1908 International Tuber- 
culosis Conference at Washington, D. C. 
referred to the results of these earl3' 
operations as “worthless.” One ma3- falrl3- 
assume, in retrospect, that the earl3' 
experiences were so discouraging that, in 
the treatment of pulmonar3" tuberculosis, 
all direct surgical attacks were abandoned 
and the general philosoph3- adopted that 
such procedures had no legitimate place 
in the treatment of the disease. This 
philosophy continued to dominate surgical 
and medical thought for more than fifty 
years. 

Fortunately, however, the discourage- 
ments of the seventies did not deter all 
efforts. Direct surgical attack gave wa3' to 
indirect methods. De Cerenville, Spengler, 
Quincke, Turban, Gourdet and BoifTm 
during the eighties and nineties were 


quietly persevering in the field of surgery. 
With the Estlander operation for chronic 
emp3'ema as the prototype, and with a 
high mortality rate to combat, these early 
pioneers were groping toward the opera- 
tion known as thoracoplasty. Forlanini, 
Potain and Murph3' were developing thera- 
peutic pneumothorax. Tuffier accomplished 
a successful extrapleural, transthoracic 
resection of a cavity-bearing apex and 
therewith laid the foundation for the 
pleurol3’^tic operations. The dawn period of 
collapse therapy had arrived. 

Just where the earl3'^ experimental period 
ends and the established collapse therapy 
period begins, is hard to sa3^ Let it be set 
arbitrarily at 1903, when Brauer, Friedrich 
and Sauerbruch all gathered at Marburg 
and commenced their monumental work on 
the development of thoracoplasty. One 
must not, however, assume that the 
philosophy of collapse therapy had, by 
that time, become wide^* accepted. It had 
not, and it is to be noted that in his Chair- 
man’s address before the Surgical Section 
of that 1908 Conference, C. H. Ma3’’0,® 
keen and alert to surgical progress as he 
was, made not one reference to surgery as 
a therapeutic measure for puImonar3' 
tuberculosis. Of forty-three papers on that 
Section program, on^' two (Robinson" and 
Sauerbruch-) dealt with thoracic surgery. 

In rapid summary the results of the 
earl3' period were: 

Direct surgical attack (extirpation and 
drainage) had been tried, found wanting 
and discarded. 

Therapeutic pneumothorax had been 
proved feasible. It was still in the experi- 
mental stage. It had not become widely 
accepted. 

Multiple costectomy was in the experi- 
mental stage. Thoracoplasty, as it is known 
todaN', had hardly been visualized. 

Parietal pleurolysis had been demon- 
strated as a method of surgical approach, 
and was being explored as a procedure of 
therapeutic value. 

Only the hardiest pioneers were attempt- 
ing an3' such therapeutic measures. 
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PERIOD OF COLL.A.PSE THERAPY 
BY TRIAL AND ERROR 

At the beginning of this centur}* thera- 
peutic pneumothorax was the onl}" pro- 
cedure carried out in approximately the 
same manner as employed today. Thoraco- 
plasty was known, but the operation of 
1900 was utterly unlike the operation of 
1941, or 1930, or 1920, or even 1910, 
Pleurolytic operations were occasionalh’^ 
performed. Anesthesia was crude. It did 
not seriously hamper progress in the 
abdomen, but it did hamper progress in 
thoracic work. It was definitely believed 
that direct surgery had no place in 
the treatment of pulmonary tuberculosis. 
Available statistics were meager and dis- 
couraging. There were no “trained thoracic 
surgeons.” Only a few general surgeons and 
internists were serioush' interested in 
exploring the possibilities of this field. 
Fascinating as it would be to trace the 
progress of this period in detail, time will 
permit only brief reference to some of the 
outstanding events. 

It is doubtful if the phrase, “collapse 
therap}',” was in use at the beginning of 
this period. It is certain that the concept 
of lung relaxation as recognized toda}’, was 
not appreciated. Many still believed that 
resection of the upper ribs allowed the 
apex of the lung to “expand,” become 
better ventilated and better vascularized. 
With such concepts, it is obvious that 
progress had to be achieved by the trial 
and error method. 

The phrase, “collapse therapy,” should 
include all measures, surgical, quasisur- 
gical or mechanical, that will bring about 
diminution in volume of hemithorax or 
lung, with consequent physiological rest 
and increased prospect of healing of the 
tuberculous focus. “Collapse therapy” 
should not include drainage, total extir- 
pation or other direct surgical procedures. 
As in descriptive zoology, so also in 
describing surgical operations, one may 
speak of genera, species and varieties. 
Extirpations or resections fall into one 


genus, drainage into another, collapse 
measures into still another genus. 

The procedures of collapse therapy may 
be further divided into three species, de- 
pending upon the treatment of the pleural 
space, the respirator^' motor mechanism or 
the chest wall proper. The last species must 
be further subdivided, depending on the 
treatment of the various anatomical com- 
ponents of the chest wall : 

1. Diminution of the lung volume bv 
separating the parietal and visceral pleural 
layers, but without crippling the respira- 
tor}' motor mechanism or disturbing the 
chest wall structures. Therapeutic pneumo- 
thorax is the type variety of this species. 

2. Diminution of lung volume by crip- 
pling the respiratory motor mechanism, 
without necessarilj' altering pleural or 
chest wall relationships. Diaphragmatic 
paral^'sis is the type variety of this species. 

3. Diminution of lung volume b}’^ some 
anatomical alteration of the chest wall, 
but without necessarily crippling the respi- 
ratory motor mechanism or separating the 
pleural layers. The varieties are so numer- 
ous and divergent, that subspecies must 
be recognized. 

3 A. Diminution oj lung volume by dimi- 
nution of bemitborax volume, by removal of 
rigid cbest wall structures. Thoracoplasty 
is the type variety of this subspecies. 

3 B. Diminution of lung volume ivithout 
diminution oJ bemitborax volume, cleav- 
age between cbest wall structures regardless 
of residting disturbance oj blood supply. The 
parietal pleurolytic operations are varieties 
of this subspecies. 

3 C. Miscellaneous limited operations on 
tbe cbest ivall. A few highly diversified 
varieties such as subcostal compression, 
scaleniotomy, etc., have been reported. 

By 1900, therapeutic pneumothorax had 
become a recognized procedure. Adhesions, 
then as now, defeated man}' a case. Open 
thoracotomy, for the section of adhesions, 
first reported by Friedrich in 1908, resulted 
in a high mortality rate from empyema. In 
1912, Jacobaeus introduced intrapleural 
pneumonolysis, a much safer procedure. 
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One smiles when realizing that Jacobaeus 
turned the laparoscope into a thoracoscope, 
and very recentl}”^ others have turned the 
thoracoscope back into a peritoneoscope. 
In 1922, Bernou introduced oleothorax. 

Tuberculous empyema has been the by- 
product of therapeutic pneumothorax. 
Naturally, open drainage was first em- 
plo3'ed, but the results were not good and 
the pendulum swung far to the other 
extreme. Internists, surgeons, pathologists, 
bacteriologists, all contributed to the 
clarification of the subject. Alexander® has 
clearijf stated the important considerations 
upon which sound treatment for each 
individual case ma3’^ be formulated. 

In 191 1, Stuertz suggested phrenic nerve 
surger3^ A wave of enthusiasm was fol- 
lowed b3' a wave of disappointment. In 
1913, Friedrich performed intercostal neu- 
rectomy. In 1922, two modifications were 
introduced, phrenic exeresis and the radical 
dissection of the brachial plexus. Neither of 
these modifications added to the benefits 
to be expected. In 1933, Vadja reported 
pneumoperitoneum. Shot bags, braces, 
abdominal belts, lateral posture have all 
been suggested as mechanical adjuncts. 

Operations involving chest wall struc- 
tures early took two divergent paths, one 
leading toward thoracoplasty b3' multiple 
costectom3', the other toward the pleu- 
rolytic operations. In the thoracopIast3^ 
group, 1903 is a significant year. It marked 
the beginning of a S3rstematic effort by 
Brauer, Friedrich and Sauerbruch, at 
Marburg, to evolve a safe and effective 
surgical operation for such patients as 
could not be treated successfully by 
pneumothorax. At that clinic pneumo- 
thorax was the procedure of choice and 
one is led to assume that onl3'’ “pneumo- 
thorax failures” were referred to surgery. 
That ma3’^ have been the basis for the 
tradition that pneumothorax must be 
tried and proved a failure before any 
other method may be attempted. 

The experimental and clinical work at 
Marburg resulted in the operation known 
as Sauerbruch’s extrapleural paravertebral 


thoracoplasty. For man3>- years it was the 
standard operation but has now become 
obsolete. It served the ver3’- useful purpose 
of reducing operative mortality to a figure 
that encouraged, rather than discouraged 
further efforts in the field of tuberculosis 
surger3f. Wilms also made important con- 
tributions. The principles underlying thora- 
coplast3’^ were alwa3's surgicall3’’ sound. The 
modifications that have appeared almost 
3'early have not altered the basic principles, 
but have added technical refinements and 
have incorporated the results of improved 
judgment. 

The pleurol3'tic operations date back to 
1891. Further developments hinged Iargel3'^ 
on the treatment of the “dead space.” In 
1901, Sarfert combined parietal pleurotysis 
with compression gauze packing. In 1910, 
Tuffier utilized fat plombage. In 1913, Bear 
emplo3'ed paraffin. Other materials for 
plombage purposes, temporary or perma- 
nent, include muscle, rubber dam and 
rubber bags. Finall3', air became the filling 
of choice. The pieurol3’^tic operations have 
never been unanimousl3' accepted as sur- 
gicall3' sound. It is significant that the3^ 
have waxed and waned in popularit3^ 

The importance of anesthesia cannot be 
overemphasized. New agents, including the 
anesthetic gases, and great improvements 
in the technic of administration, have been 
significant factors in surgical progress. 

It is characteristic that in the course of 
early surgical efforts, technic receives more 
attention than function or pathology. 
Mechanical execution excels judgment. 
Explanations for failure are sought first in 
methods of procedure,*Iater in the laws of 
ph3'siolog3'^ and pathology. During the 
period of collapse therap3f b3'' trial and 
error there was a great accumulation of 
disjointed findings relating chiefly to tech- 
nic. Years of careful stud3f and correlation 
with the facts of physiolog3’^ and pathology 
will be required to weld these discreet 
observations into one perfect composition. 
That task becomes the dominant theme of 
the period of rationalized therapy. 
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To refer to a period of trial and error does 
not mean that there were no great thinkers. 
Prophets are always with us. The prophets 
of one sreneration lav the foundation for the 
accepted work of the next generation. Not 
the prophets, but the rank and file deter- 
mine the level of a given age. 

In summary, the period of collapse ther- 
apy by trial and error saw: A world-wide 
awakening to the possibilities of surgical 
help for those suffering from pulmonary 
tuberculosis; a host of new operations 
introduced, some ephemeral, some of last- 
ing value; great strides in technical im- 
provement, but relativel}- little advance in 
precise diagnostic methods; extremely im- 
portant improvements in the technic of 
anesthesia. General surgeons with special 
interest in thoracic work, co-operating with 
phthisiologists, were the clinical leaders 
of the period. Pathologists, physiologists 
and particularly workers in surgical re- 
search laboratories commenced an in- 
creasimr volume of fundamental scientific 
investigation. 

PERIOD OF RATIONALIZED COLLAPSE 
THERAPY 

The beginning of rationalized collapse 
therapy may be arbitrarily placed at 1930. 
Two factors help in determining that date; 
the more important, the appearance of 
trained thoracic surgeons, the other, im- 
provement in precise diagnostic methods 
and the continuation of research. The 
progress of the present period will be con- 
sidered under the headings of training, 
diagnostic procedures, technical proce- 
dures, the optimum surgical environment 
and the effect on the philosophy of 
treatment. 

Traming. The pioneers who laid the 
foundation for thoracic surgery, including 
collapse therapy, were general surgeons 
and internists. They were not specially 
trained in thoracic problems. This was just 
as true of New \\ orld pioneers as of their 
Old \\ orld predecessors. Now special train- 
ing in thoracic surgery can be secured. 


There are a limited number of approved 
residencies. Highly developed postgraduate 
training is offered bv several universities 
in the United States and Canada. Eggers,® 
Graham,^® Alexander” and Packard,^® gave 
a clear pronouncement in 1936 that basic 
training in general surgery should precede 
all training in thoracic surger}'. A com- 
mittee of the American Association for 
Thoracic Surgery” further pronounced in 
1937 that there is little likelihood that com- 
petent certification will be issued to the 
thoracic surgeon, other than certification 
in general surgery. This was reiterated in 
1941.” 

Year bj^ year names are added to the list 
of men soundly trained in the fundamentals 
of surger}’- and the refinements of thoracic 
work. The effect of such a supply of com- 
petent surgeons can be predicated with a 
fair degree of accuracy: Sound logic will 
replace empiric effort; the demand for 
better diagnostic study will increase; the 
selection of cases for operation will be more 
intelligent; the quality of surgical care will 
improve; the variety of surgery will be 
broadened; a better grade of anesthesia 
will be demanded, and the environment in 
which the surger}’ is done will be improved. 

Diagnostic Procedures. Diagnostic 
methods have been modified, during the 
last decade, in three very important par- 
ticulars. These modifications are: the 
utilization of bronchoscopy, improvements 
in roentgenologic technic and the develop- 
ment of bronchospirometry. Other im- 
provements have also been made. 

Bronchoscopy, until approximately 1930, 
was regarded as definitely contraindicated 
by pulmonary tuberculosis; now it is not 
only permissible but usually desirable. 
Bronchoscopy has opened the wa}' for the 
accurate study of the life history of 
tuberculous bronchitis. In connection with 
this very important subject one is referred 
to the writings of Barnwell, Littig and 
Culp,” Eloesser,” Samson and Culp,” War- 
ren, Hammond and Tuttle,” Myerson,” 
Riggins,^ and to the more recent sym- 
posium at the 1941 annual meeting of the 
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American Association for Thoracic Surgery 
by Chamberlain and Gordon,-’ Tuttle,-* 
Alexander, Sommer and Ehlcr.” The 
gist of these contributions is to the effect 
that acute hyperplastic or ulcerati\’e tuber- 
culous bronchitis is a very serious com- 
plication, that it leads to bronchostenosis 
in a very high percentage of its victims and 
that bronchostenosis leads to severe sec- 
ondary pulmonary suppuration. It has 
been demonstrated that the condition can 
be diagnosed and evidence is accumulating 
to show that all questionable cases should 
be bronchoscopically examined before in- 
stituting definitive treatment. Tuberculous 
laryngitis is, however, a valid contra- 
indication to such examination. 

Roentgenographic studies remain impor- 
tant. The recent development of tomog- 
raphy* or laminography (let us hope that 
the arbiters of roentgenologic terminology 
will soon give us one acceptable term) is 
the most significant forward step- 

Bronchospirometry or bronchospirog- 
raphy is the newest effort in precise 
diagnosis. Jacobaeus-'’ gave an early report 
in 1937. Pinner, Leiner and Zavod’’^ pre- 
sented a scholarly review of this functional 
test in 1941. Some extraordinarily interest- 
ing observations haA'e been made. The 
vast expanse of this field has not yet been 
glimpsed, but one may predict that the 
time will come when an estimate of respir- 
atory function will be considered practical 
and important. 

Sputum examination by refined methods, 
including identification of the tubercle 
bacillus b}^ culture, has influenced the 
classification of surgical end results. It is 
no longer sufficient for sputum to be nega- 
tive on direct smear; the day will arrive 
when it will no longer be sufficient for it 
to be negative on concentration; negative 
animal inoculations, negative cultures and 
negative gastric contents will be required. 

Technical Procedures. Progress in tech- 
nical procedures includes important modi- 
fications in thoracoplasty, air as a filling 
substance in pleurolytic operations, the 
reintroduction of drainage and extirpation 


operations and great improvement in 
anesthesia. 

The extrafascial apicolysis of Semb is a 
distinct contribution. It is an anatomically 
precise dissection of all apical structures 
from their cervical and upper mediastinal 
relationships. It is surgically sound in that 
it is accomplished under direct visual con- 
trol. It provides additional valuable caudad 
rela.xation. But it adds to the hazards of 
thoracoplasty and therefore must be uti- 
lized judiciously. Gale and Oatway-® have 
presented an excellent critical evaluation. 

Aycock, Brantigan and Welch’’^ have 
reported the clever utilization of a sub- 
pectoral air cushion in his so-called “extra- 
fascial pneumothorax.'’ It helps stabilize 
a flaccid chest wall, and adds an element 
of compression to the relaxation ordinarily- 
obtained by thoracoplasty. Of necessity, it 
entails a large dead space which is an 
obvious disadvantage. 

Proctor-^ has presented a careful study of 
“extrapleural pneumothorax,” the newest 
variety of pleurolytic operation. Air is the 
filling substance, and air is well tolerated. 
One does not gain the impression, however, 
that this pleurolytic procedure will sup- 
plant the safer thoracoplasty. 

Open drainage was early employed and 
rapidly fell into disrepute. In 1938, how- 
ever, new interest was added to the subject 
by the report of Monaldi’s closed drainage 
with gentle suction. Apparently drainage 
operations have returned upon a ration- 
alized basis. There is much to make one 
pause and carefully reconsider the whole 
subject. One should consult Kupka and 
Bennett-® for full details. 

There is also the subject of palliative 
open drainage of the huge cavities with 
luxuriant growth of pyogenic organisms, 
by-products of tuberculous bronchosteno- 
sis. An authoritative pronouncement, based 
on a clear restatement of fundamental 
mechanical, phy^siologic and pathologic 
factors relative to the utilization of drain- 
age is greatly needed. In the meantime it 
can only be said that the treatment of 
pulmonary" tuberculosis will not be revolu- 
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tionized by drainage, and that one should 
proceed with the utmost caution. 

Occasional case reports of pneumonec- 
tomy and lobectomy for pulmonary tuber- 
culosis have appeared from time to time. 
The experiences of DoIIey and Jones,^” re- 
ported in 1940, provoked discussion that 
resulted in the tabulation of all available 
cases in the United States and Canada. 
The summary of the 1940 poll gave the 
following figures: 



Pneumo- 

nectomy 

Lobec- 
1 tomy 

Totals 

No. 

Per 

Cent 

Apparently well . . 

0 

16 

'9 

38 

Improved 

6 

6 

12 

24 

Unchanged 

0 j 

I 

I 

2 

Worse 

2 ! 

0 

2 

4 

Dead 

s 

8 ! 

16 

32 


19 

31 

50 

100 


Improvements in technic and in anes- 
thesia have reduced mortalitj’ and have 
enabled 62 per cent of the patients to 
become arrested or improved. Operations 
of extirpation have, therefore, been rein- 
troduced on a vastly sounder basis than 
sixty years ago. But the indications have 
not 3'et been clearly formulated. 

Anesthesia, as an art and as a science, 
has advanced rapidlj". The most important 
new agent is cyclopropane. The most 
significant achievement is the apnea tech- 
nic. These improvements in anesthesia 
may prove to be the most important ad- 
vances of the past decade. 

Surgical Environment. Surgery, such 
as has been described, requires an environ- 
ment that conforms in all respects to the 
established standards of American surgery. 
In particular, there must be assured: 
adequacy and competency of personnel, 
facilities for expert anesthesia, adequacy 
of equipment, facilities for expert surgical 
nursing, competent supporting laboratory 
and roentgenologic services and assurance 


that unhampered surgical judgment will 
control all clinical activities. This con- 
formity to American surgical standards, 
upon which rests the moral right to main- 
tain such a surgical program, is of para- 
mount importance and supersedes all other 
considerations. 

If such a surgical environment can be 
created within institutions primaril}^ de- 
voted to the care of the tuberculous 
patient, so much the better. Two great 
advantages, expert surgery and expert 
tuberculosis nursing and care, will thereby 
be secured for the patients. If such a 
surgical environment cannot be created 
within institutions devoted to the care of 
the tuberculous patient, then, on moral 
grounds, the patients should be trans- 
ferred elsewhere for their surgical program. 

Philosophy of Treatment. The generally 
accepted philosoph}^ of treatment of pul- 
monarj" tuberculosis, if there ever has been 
such, has been built around the one word 
“rest.” But instead of a coherent phi- 
losoph}^ one might prefer to recognize a 
series of independent concepts. Some of 
these concepts rest on a sound factual 
foundation and come to us with the weight 
of scientific truth. Other concepts rest on 
reasonable hj'potheses and claim our re- 
spect, pending final verification or refuta- 
tion. But some concepts appear to rest on 
tradition onl}’- and to be no more than blind 
formulae. The advent of men well trained 
in all the aspects of thoracic disease is cer- 
tain to affect profoundly the philosophy of 
treatment. These trained men will chal- 
lenge every concept of therapy. In their 
minds, the validity or nonvalidity of the 
concept will be determined, not bj" its 
venerability or legality, but b}^ its con- 
formity to basic natural law. 

At present, two concepts remain un- 
shaken: The first, that rest is the sheet 
anchor of treatment; the other, that proper 
institutional care is of inestimable advan- 
tage to the patient. All other concepts are 
being subjected to rigid scrutiny, and, one 
by one, must stand or fall on the basis of 
their own merit. 
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The concept that ether may not be used 
as an anesthetic has fallen. The concept 
that pulmonary tuberculosis is a valid 
contraindication to bronchoscopy has been 
refuted. The concept that direct surgery 
has no legitimate place in the treatment of 
pulmonary tuberculosis has been sharply 
challenged, if not actually refuted. The 
concept that therapeutic pneumothorax 
must be the first effort has been sharply 
challenged. Other old concepts have been 
questioned. New concepts are in process 
of formulation. 

One hears more frequentlj^ the phrases, 
“reversible therapy” and “irreversible 
therapy,” occasionally the phrases, “rever- 
sible pathologj'^” and “irreversible pathol- 
ogy.” It has long been accepted that 
“reversible pathologj'” should be treated 
by “reversible therapy.” It has not been 
universally accepted that “irreversible 
pathology” should receive “irreversible 
therapy.” However, a health}’^ doubt is 
rising in the minds of many as to whether a 
“reversible” therapeutic procedure has 
any logical place in the scheme of treat- 
ment of an “irreversible” lesion. 

The general management of pleural 
complications has been quite thoroughly 
explored. Sound surgical recommendations 
have been formulated, but have not been 
universally accepted by other interests. 
There are still glaring examples of mis- 
management. 

It yet remains to formulate a sound 
therapeutic program for the unfortunate 
victims of tuberculous bronchitis, acute or 
chronic. More cases must be studied; more 
statistics must be compiled; more thought 
must be expended; more truths must be 
determined; more courage must be devel- 
oped. Above all, sound clinical judgment 
must control the destinies of these unhapp3’ 
people. 

The surgeon looks at pneumothorax and 
thoracoplasty and thoughtfulh' reflects 
that the^' are the undisputed seniors in the 
ranks of collapse procedures. Thej’ have 
earned their right to a permanent place 
and one may confident^ expect them to 


sur\dve as long as surgery has a place in the 
treatment of pulmonar3>^ tuberculosis. They 
are alike in that the3’^ offer more effective 
collapse than an^’^ other measures; the^- are 
unlike in that one is reversible, the other 
irreversible; and further the}- are unlike in 
that one offers 70 to 75 per cent prospect 
of success and the other, todaj'-, offers 
70 to 75 per cent prospect of failure. 

The surgeon looks at the phrenic nerve 
operations and the pleurolj'^tic operations 
and sees, at best, weak efforts, and, there- 
fore, efforts to be used Infrequenthx 

The surgeon looks at drainage operations 
and begins to see great possibilities, but 
also risks. 

The surgeon looks at lobectom}" and 
pneumonectom}’^ and sees still greater pos- 
sibilities, but also greater risks. He sees the 
need of rigid rules and requirements that 
would exclude all but i per cent or so of 
patients with pulmonary tuberculosis from 
such procedures. No extirpation operation 
should be done except with the moral 
certainty that the contemplated operation 
will remove all foci of active tuberculosis. 

The surgeon looks at the whole field of 
therap3' and sees evidence of sounder 
clinical judgment, better technical skill 
and more satisf3dng end results. 

The older surgeon looks at his younger 
brother fresh from a thorough drilling in 
the basic sciences and sa3's; “Yours is the 
task to sift and sift, to save the truth, to 
destro3' the false, and to evolve a philos- 
oph3- of treatment that will conform to 
natural and spiritual laws as they were 
created and have existed since the begin- 
ning of time.” 
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EMERGENCY TREATMENT OF PULMONARY 
HEMORRHAGE IN THE TUBERCULOUS 

PATIENT 

David A. Cooper, m.d. 


rUILADEU’HtA, 

H EMOP'lA’SISisa cDiiuivon sympKtm 
in pulmonary tiiberculo.sis occurring 
in about jo per cent of all eases at 
some time during the course of tlieir dis- 
ease. \'arious obser\-ers gt\‘e figures varying 
from 20 to 8 o jjcr cent of cases, de{)ending 
upon t])C stage of the disease, bo>» ever, it is 
more common in the advanced cavernous 
type and usually is more extensive in this 
type of disease. It is the terminal event in 
a very small percentage of eases. About t 
or 2 per cent of patients will die as a direct 
and immediate result of a profuse pulmo- 
nary hemorrhage. It is extremely rare fora 
patient to die from the loss of blood per sc 
but it is not uncommon for a patient to 
drown or sufibcate in his own blood. The 
amount of bleeding also varies within wide 
limits From blood streaked sputum to mas- 
sive hemorrhages of a quart or more, and it 
should be pointed out that the amount of 
blood expectorated is not an absolute index 
of the amount of bleeding that has oc- 
curred. There is almost ahwa^'S some blood 
retained in the lungs. In rare instances, 
more blood is retained in the lungs than is 
expelled. 

In a general way there arc three tj'pes of 
bleeding in pulmonary tuberculosis: When 
the blood occurs in streaks or as blood 
tinged sputum the cause is probably a 
capillary ooze from hyperemic areas or 
from the bronchial mucosa. The more com- 
mon form is caused by an erosion or ulcera- 
tion of a blood vessel by the actual 
tuberculous process. This is the usual cause 
in those cases in which we see from a tea- 
spoonful to several ounces of pure blood 
expectorated, and is the t}'pe that may 
recur at varying intervals. Most profuse 
hemorrhages are brought about by destruc- 
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tion of lung tissue which leaves the blood 
vessel unsupported so that it ruptures, or 
aneurysmal dilitation occurs which later 
ruptures, giving rise to massive and at 
times, uncontrollable hemorrliagcs. There 
are other, rarer forms of bleeding that 
occur in tubcrcuhsis without parenchyma! 
disease. The most common of these arc 
bleeding from ulceration of the bronchus 
and bleeding from the breakdown and 
ulceration of a hilurn gland. 

Memoptysis is an alarming symptom 
both to the patient and to the physician; 
and e\-cn though it is rarely immediately 
fatal, it is often the beginning of a steady 
and rapid downhill course. In most in- 
stances, the after effects arc moie to be 
dreaded than the actual bleeding. 

In the therapy of this symptom, there 
are a few fundamental principles to be fol- 
lowed: The first duties in treating this 
symptom arc to put the patient at rest and 
do everything possible to allay his nervous- 
ness. Undoubtedly, nervousness and excite- 
ment on the part of the patient tend to 
increase the bleeding or to displace a blood 
clot that may be forming. Absolute rest 
should be enforced. 

In approaching the treatment of this 
symptom, the first problem with which one 
is faced is the source of bleeding. In other 
words, has the patient been previously 
studied so that the most likely source of 
bleeding is known at the time that it 
occurs? Next, the therapeutic approach 
should vary somewhat with the extent of 
bleeding, namely, is it minimal, moderate 
or massive? In all pulmonary hemorrhages 
the patient should be put at absolute rest 
and reassured. Small hemorrhages usually 
stop of themselves without any treatment. 
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There is some divergence of opinion as to 
the position in which the patient should be 
placed. In my opinion, this is dependent, 
to a large extent, upon the above men- 
tioned factors, namely, is the site of bleed- 
ing known, and second, is the extent of the 
bleeding slight or moderate, severe or 
massive? If the bleeding is slight to moder- 
ate and its source is not known, the patient 
should be placed in a semi-Fowler position. 
If the side of the bleeding is known, he 
should be turned on the bleeding side. If 
the bleeding is severe and the side is not 
known, and it cannot be determined, the 
patient should be placed flat on his ab- 
domen with the foot of the bed elevated. If 
the side of the bleeding is known and the 
hemorrhage is severe or massive, the pa- 
tient should be laid in the prone position, 
partially rotated with the bleeding side 
down. This will tend to splint the bleeding 
lung, will aid in postural drainage and will 
prevent aspiration of blood and bacilli 
laden sputum to the contralateral lung. 

Mild sedation is indicated in practically 
every case. Sedatives should be used to the 
extent of quieting the cough but not to stop 
it and to allay the nervousness and excite- 
ment of the patient. Small doses of codeine, 
such as gr. every three hours in conjunc- 
tion with the bromides and barbiturates 
are usually adequate. The stronger opiates, 
if used at all, should be used in very small 
doses. The}' reduce the cough reflex to such 
a point that they predispose to the reten- 
tion of blood in the lungs with a subsequent 
development of atelectasis and tuberculous 
or pyogenic bronchopneumonia. 

After the institution of absolute rest and 
mild sedation, the next problem to be faced 
is, can the bleeding be controlled medically 
or should surgical or mechanical means be 
resorted to? Medical treatment, at best, is 
not very satisfactory. The number of 
remedies which have been suggested and 
used, many of them with diametrically 
opposite action, will indicate that we have 
no certain methods of arresting the bleed- 
ing from the lungs, and, also, that the 
medical profession, realizing its impotence. 


is still ready to grasp any straw which 
offers any hope of success. 

The various drugs that ha^•e been recom- 
mended fall into two main groups: those 
which affect the circulation and those 
which increase the coagulability of the 
blood. In spite of the enthusiastic reports 
of many, most of these drugs are of little 
or no value; however, some of these should 
be mentioned. Atropine sulfate is thought 
by some to be of considerable benefit and 
may be given in doses of gr- ( 0.6 mg.) 
hypodermicall}’. The nitrites have been 
recommended because they lower the 
systemic blood pressure and in that way 
may lower the blood pressure in the pul- 
monary circulation. They may be given in 
the form of amyl nitrite, nitroglycerin or 
sodium nitrite. Ergot was formerly used to 
a large extent but it actually causes a rise 
in pulmonary blood pressure and for this 
reason cannot be recommended. Emetine is 
considered by some to be almost a specific 
in moderate or even severe types of pul- 
monary hemorrhage. It ma}^ be given in the 
form of emetine hydrochloride in i gr. 
(0.065 Gm.) doses hypodermically. Bene- 
ficial eff ects ma}' be due to dilitation of the 
splanchnic vessels with reduction in the 
pulmonary blood pressure. 

Drugs which purportedly influence the 
coagulability of the blood, have been tried 
extensively. Calcium in the form of calcium 
lactate or gluconate by mouth has been 
used for many years, but it has no demon- 
strable effect on bleeding unless given in 
massive doses. It has been highly recom- 
mended as a placebo that does no harm. 
Calcium gluconate given intravenously, is 
thought by some to be of value, and it is 
suggested that viosterol be administered at 
the same time to make certain of increasing 
the blood calcium, which is essential to the 
process of coagulation. 

Coagulants, such as fibrogen, thrombo- 
plastin, etc., are of value in reducing the 
coagulation time and may be of some 
benefit in treatment, provided it has been 
shown by laboratory tests that altered 
coagulation is a factor in the bleeding. 
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The intravenous use of Congo red has 
been highl}' recommended as a treatment 
for hemoptysis. Ten cc. of a r per cent 
solution given daily for several doses has 
been recommended. It is supposed to re- 
duce the clotting time, increase the blood 
platelets and the blood fibrin content. In 
my somewhat limited experience, it has 
been of little value; and when one considers 
the pathologic condition of tuberculous 
hemoptysis, that is, bleeding from a blood 
vessel with infiltrated and degenerative 
walls, it is easy to see how little can be 
expected from a hemostatic. The use of 
various vitamins has been suggested par- 
ticularly vitamin c and vitamin k. They 
are of no proved value unless there is a 
know vitamin deficiency. Snake venom 
has been recommended in recurring hemop- 
tysis but, in my opinion, there is little 
justification for its use. 

In contradistinction to the above meas- 
ures, the mechanical means of controlling 
pulmonary hemorrhage offer the double ad- 
vantage of controlling the bleeding as well 
as the underlying disease. Of the various 
procedures, pneumothorax is the one of 
choice. In considering collapse therapy for 
pulmonarj’’ hemorrhage, it is, of course, 
necessary to know from which side the 
hemorrhage is coming. This may be very 
difficult as the tuberculous lesion may be 
bilateral and ma}^ possibly have open cavi- 
ties in both lungs as like!}' sources of 
bleeding. Physical signs are of value in 
determining which side is bleeding, but 
may on rare occasions be misleading due to 
aspirated blood. Quite often the patient 
can tell, with fair accuracy, the side from 
which the blood is coming. This type of 
case should be approached with great cau- 
tion. It has been mj'^ practice to put off 
attempting pneumothorax until I could be 
relatively sure as to the source of bleeding. 
Hemoptysis, in my opinion, is the one 
indication for rapid induction of pneumo- 
thorax. By this method 500 to 1,000 cc. of 
air are instilled at the initial treatment and 
a refill is given within twelve to twenty-four 
hours and thereafter as often as needed. 


dependent upon the control of the hemor- 
rhage and the type of collapse obtained. In 
mj^ opinion, except in rare instances, posi- 
tive pressure should not be given on the 
initial treatment. Theoretically, pneumo- 
thorax is the ideal treatment for pulmonary 
hemorrhage; but from a practical view- 
point, a satisfactory collapse frequently 
cannot be induced due either to the absence 
of free pleural space or the presence of 
extensive adhesions, which prevent col- 
lapse of that portion of the lung from which 
the bleeding is coming. With prompt 
recognition of this complication by early 
thoracoscopic examination, one can occa- 
sionally convert an unsatisfactory pneu- 
mothorax into a satisfactorj" one. This 
procedure ma}- appear radical, but in my 
experience has given good results in a few 
cases in which it was resorted to. 

In cases in which there is no free pleural 
space, phrenic nerv'e interruption has been 
of value in at least temporarily controlling 
hemorrhages. In a few instances we have 
supplemented phrenic nerve interruption 
with pneumoperitoneum, with satisfactory 
results. There are some cases of recurring 
pulmonary hemorrhage in which pneumo- 
thorax and phrenic interruption have failed 
to control the bleeding; in these instances 
thoracoplast3'^ is indicated. This procedure 
is justified only in those cases in w'hich the 
bleeding is reasonably Avell controlled on 
rest, but recurs on the slightest activity. It 
is understood, of course, that the condition 
of the contralateral lung justifies thoraco- 
plasty. The results from thoracoplasty^ are 
usuall}'^ quite satisfactory. HoAvever, there 
are a number of cases in the literature in 
Avhich thoracoplasty' failed to control recur- 
ring hemopthsis in which lobectomA' was 
done Avith some good results. It has been 
suggested that in this type of case ligation 
of the branch of the pulmonarj' arter}' to 
the affected lobe is the procedure of choice. 

The ty'pe of supportive treatment in 
pulmonary hemorrhage depends to a large 
extent upon the degree of the hemorrhage 
Absolute rest is the most important factor. 
During the stage of actiA'e bleeding, the 
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patient should be watched continuously. If 
it becomes evident that considerable blood 
is being retained in the lungs, prompt and 
vigorous postural drainage may be life 
saving. We have seen patients saved by the 
attendant’s hanging the patient’s head 
down over the ed^e of the bed. In a sceneral 
way, food and fluid should be restricted for 
at least twenty-four hours. Soft, easily 
digested food may be given, avoiding 
stimulants and hot drinks. The diet should 
be kept relatively dry for several days 
thereafter. Attention to the bowels should 
never be neglected, and it is important that 
the patient not be allowed to strain at stool 
for fear of causing a recurrence of bleeding. 
It has been my practice to wait for twenty- 
four hours and then 2:lve magnesium sulfate 
in a quantity sulhcient to produce easy 
movement of the bowels. 

If the patient has lost considerable blood 
and signs of shock are present, small trans- 
fusions of plasma or whole blood are indi- 


cated. This will be necessarj- only in rare 
instances. 

For after-care or convalescent treatment, 
the patient should be kept rigidly* in bed 
from a week to ten days after a hemoptysis, 
during which time he should be thoroughly 
checked to be sure that there has been no 
progression of his disease before gradually 
returning to his previous routine treatment 
for his disease. 

CONCLUSIONS 

The most important factors in the emer- 
gency treatment of pulmonary hemorrhage 
are: (i) Rigid bed rest, the position in bed 
dependent upon the extent and source of 
bleeding; (2) reassurance of the patient; 
(3) mild sedation; (4) if the above methods 
fail, or the hemoptyses recur, collapse ther- 
apy should be considered, and of the 
various methods, pneumothorax is the 
procedure of choice. This failing, the more 
radical procedures may be resorted to. 



TEMPORARY VERSUS PERMANENT PARALYSIS OF THE 
DIAPHRAGM IN THE TREATMENT OF 
TUBERCULOSIS OF THE LUNGS 


Gerard A. P. Hurley, m.b., b.ch., b.a.o * 

Assistant Resident in Surgerj', Montreal General Hospital 
MONTREAL, QUEBEC, CANADA 

I T is perhaps inevitable that a certain style in various centers for the treatment of 
aura of mystery should surround the tuberculosis of the lungs. In more recent 
operation of phrenic nerve interrup- j'ears the early surge of enthusiasm has died 
tion. In the first place, up to comparatively down and with better recognition of the in- 
recent times it was believed that an active dications resulting from experience gained 
diaphragm was essential for the vital func- by observing the many thousands of pa- 
tion of respiration. Secondly, the causing of tients who have now been operated upon, 
the paralysis of a muscle as a therapeutic the operation is, or should be, taking its 
measure is unique in the realm of surgery, proper place in the general armamentarium 
Moreover, this muscle is probably the most of collapse therapy. One says “should be” 
active one in the body next to the heart advisedly because even today there is quite 
muscle. It has important and diverse func- a large amount of divergence of opinion 
tions in the respiratory and circulatory concerning certain aspects of the operation, 
mechanisms as well as providing the divid- even among phthisiologists and thoracic 
ing barrier between the thorax and the surgeons. For the general surgeon who is 
abdomen. Thirdh', the operation as we often called upon to do a phrenic nerve 
have come to know it, when well per- operation, the most important question 
formed, is one of the neatest in its e.xecution ne.xt to “when should one paralyze the 
and most dramatic and far-reaching in its hemidiaphragm in the treatment of pul- 
results in all the surgical repertoire, monary tuberculosis?” is, “should one 
Through a tiny incision in the neck a small cause permanent or temporary paralysis in 
nerve trunk is exposed which on suffering this or that particular case?” It must be 
interruption of its axons results in paralysis emphasized at once that with very rare 
of half of the great contracting partition of exceptions one should always do a tempo- 
the midtrunk. At the beginning of the rar3' paral^'sis at first. One can never say 
present century', Schroeder and Green in with certainty beforehand what advantages 
animal experiments showed that first one or disadvantages ma\‘ accrue as a result of 
hemidiaphragm and then both sides of the the operation. Should the desired result be 
muscle could be put out of action by bilat- obtained, the temporary paralysis can ai- 
eral phrenicectom\’ without serious impair- wa\'S be easily repeated or the paralysis can 
ment of breathing. Gradual!}', phrenic be made permanent. If, on the other hand, 
interruption came to be recognized as a the operation should fail to influence the 
valuable therapeutic measure in certain disease to the extent required, or if certain 
diseases of the lungs, notably in pulmonaty' disconcerting complications should be the 
tuberculosis. Like most newly discovered direct result, then no permanent harm will 
operative procedures it suffered from over- have been done because the diaphragm will 
valuation at first, and at one period it was once again regain its full function in due 
being performed in almost mass production course. 

* Formcriv Fellow in Thor.icic SurRcrj-, Scrs'icc of Dr. Richard H. Overholt, New Engl.nnd Dc.aconcss Ho'^ital, 

Boston, Massachusetts. 
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INDICATIONS 

The modern concept envisages two dis- 
tinct views of the operation: (i) The 
phrenic nerve operation used as an inde- 
pendent therapeutic measure unassociated 
with other forms of collapse therapy and 
aided only by the sanatorium regime. (2) 
The phrenic nerve operation used as (a) a 
preparatory measure, and (b) an auxiliary 
measure to some other form of collapse 
therapy. 

INDEPENDENT PHRENIC NERVE OPERATION 

As regards this use, John Alexander has 
pointed out the great guiding principle of 
the indications. The operation of phrenic 
interruption used as an Independent meas- 
ure is very effective in early and limited 
lesions, very ineffective in old and exten- 
sive lesions, and notoriously unpredictable 
in lesions intermediate in type between these 
two extremes. This is true irrespective of 
the position of the lesion in the lung field; 
and those who have had experience with 
the use of the operation combined with bed 
rest and sanatorium regime in the treat- 
ment of the early lesion, particularly the 
early uncavitated subclavlcular infiltration, 
are convinced of its great value in this type 
of case. Most of these patients will do well 
on bed rest and sanatorium regime alone, 
but the time required to effect a cure will be 
shorter and the eventual cure surer in those 
patients who have had the additional 
benefit of a diaphragmatic paralysis. In the 
patient with the early uncavitated lesion or 
in whom the cavity as seen on the .v-ray 
plate is very minute (i to i}i cm. in diam- 
eter, for example), there will at first be no 
question of a permanent paralysis. Six to 
twelve months’ sanatorium regime com- 
bined with temporary paralysis repeated 
once or twice will be sufficient to bring 
about arrest in most instances. The second 
or third period of temporary paralysis will 
usually coincide with the period when the 
patient will have returned home and re- 
sumed his work and normal activities. If 
in an occasional case at the end of this 
period after the diaphragm has regained its 


function there should appear once more 
signs of reactivation of the disease, it might 
fairly be judged that a permanently idle 
diaphragm will be necessary to keep the 
disease controlled, and a lasting paralysis 
may be instituted or an artificial pneumo- 
thorax may be tried. 

In an early lesion which shows signs of 
cavitation greater in extent than that men- 
tioned above, it is probably wiser to induce 
pneumothorax in the beginning than to 
hope for lasting results from phrenic inter- 
ruption. Experience with pneumothorax 
therapy has shown that in order to achieve 
permanent closure of tubercular cavities 
the collapse must be maintained for a 
period of at least two and one-half years. 
Such a term of collapse from diaphrag- 
matic paralysis would necessitate either a 
permanent interruption or the repeating of 
the temporary phrenic Interruption on 
three or four occasions. After the operation 
has been repeated on two occasions, it 
becomes extremely difl'icult technically to 
perform again a fourth time because of the 
scar tissue that forms and the displacement 
of the familiar landmarks. Moreover, the 
injury sustained by the phrenic nerve at 
each succeeding operation makes return of 
function less and less likely the more often 
the operation has been done. In this way 
one will end up with a permanently 
paralyzed diaphragm to treat a lesion 
which could be controlled in all probabil- 
ity more completely and certainly more 
quickly by an artificial pneumothorax, 
with much less permanent loss of respira- 
tory function. To those who will point out 
the objection that pneumothorax treat- 
ment is a tedious business which, in addi- 
tion, lays the patient open to such serious 
complications as empyema and spontane- 
ous pneumothorax, one may reply that a 
complete pneumothorax is still the most 
perfect and efficient form of collapse ther- 
apy known to us, and that in the Wpe of 
case which we are considering, one rarely 
meets with complications if the pneumo- 
thorax is instituted and conducted prop- 
erly. This argument holds chiefly for lesions 
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in the upper portion of the lung. When the 
lesion is in the lower part of the lung, how- 
ever, one may more readily and with much 
less misgiving do a permanent paralysis, 
once the complete effectiveness of the 
measure has been proved after one or two 
terms of temporary paralysis. In these cases 
one loses little in the way of respiratory 
function because the lower part of the lung 
is already partially destroj^ed bj’’ the 
disease, and it will be an advantage to keep 
it permanently at rest. The function of the 
healthy upper part of the lung will not be 
greatly affected by the paralj'sis of the 
diaphragm; whereas in treating disease of 
the upper lobe by permanent paralysis, one 
loses forever in large part the function of 
the lower healthy part of the lung. 

Apart from the type of case just dis- 
cussed, the operation is being less and less 
performed as an independent measure, and 
according to O’Shaugnessy is being used as 
such only by those who have a limited 
repertoire of collapse operations at their 
disposal. A far more important use of the 
procedure is first as a preparatory measure, 
and secondly as an auxiliary measure to 
some other collapse maneuver. 

PREPARATORY PHRENIC NERVE 
INTERRUPTION 

When the operation is intended as a 
preparatory procedure, the paralysis will 
invariably be a temporary one. As such, 
it is used in preparation for (i) arti- 
ficial pneumothorax and (2) extrapleural 
thoracoplasty. 

I . Kremer strongly advises its use before 
the attempt at induction of an artificial 
pneumothorax in cases of fresh, predomi- 
nantly exudative disease, especially when 
cavitation lying near the surface of the 
lung is present. The rest and relaxation 
resulting from paralysis of the diaphragm 
will react favorably on these acute lesions 
causing the exudative reaction to become 
absorbed and the temperature to become 
lowered. In this way the pleural exudates 
rapidly turning to empyemas, and the 
spontaneous pneumothoraces due to cavity 
rupture (which are seen unfortunately only 


too often when these patients are treated 
by early pneumothorax) are avoided. 

2. The second important use of phrenic 
nerve interruption as a preparatory meas- 
ure, as advocated by Hein, is in the case of 
a lesion extensive enough to warrant a 
thoracoplasty but which is too unstable to 
permit the performance of this operation at 
once. Often in this type of case one is con- 
fronted with a small re 'ent lesion in the 
lung of the opposite side which requires 
some form of active treatment before one 
dares to contemplate the undertaking of an 
extensive collapse operation on the more 
diseased side. A wise plan of campaign in 
such a case is to induce a protective, so- 
called mantle, pneumothorax on the less 
diseased side, and the induction is usually 
successful in the case of a lung which is the 
site of such limited disease. Experience has 
shown that it is desirable to postpone the 
contemplated thoracoplastjf until the con- 
tralateral pneumothorax is well established. 
This will usually take a period of some two 
to three months to accomplish, and during 
this time the more diseased side will be 
made much more suitable for thoracoplasty 
as the result of the beneficial effect of 
diaphragmatic paralysis on that side. 
Seeing that most authorities are now of the 
opinion that it is safer to have the dia- 
phragm functioning on the operative side 
during and immediately after the perform- 
ance of a thoracoplasty^ so as to avoid lower 
lobe atelectasis and retention of secretions, 
one is well advised to cause phrenic inter- 
ruption by the freezing technic after which 
the diaphragmatic function is apt to return 
in the course of two to four months. 

AUXILIARY PHRENIC NERVE INTERRUPTION 

As an auxiliary measure, phrenic nerve 
interruption may be used to supplement 
(i) artificial pneumothorax, (2) extra- 
pleural thoracoplasty and (3) extrapleural 
pneumonoly'sis. 

I. Phrenic Nerve Interruption Used as an 
Auxiliarxr to Artificial Pneumothorax. In 
this connection perhaps its most valuable 
use is in the case in which artificial pneumo- 
thorax has succeeded in partially closing a 
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cavity or cavities but in which complete ruption should be a temporary one. Since 
closure is prevented by pleural adhesions, the artificial pneumothorax should be 
The anchoring of the lung to the parietes by maintained over a period of at least two 



Fig. I . Diagram showing the types of cases in which favorable and unfavorable results 
may be anticipated. A favorable result may be expected from phrenic interruption 
in examples i, ii and v. In iv the result is doubtful and in iii no success may be 
anticipated. 


adhesions in one direction, together with 
the intermittent tugging action of the dia- 
phragm in another direction subjects the 
diseased part to continual irritation and 
does not permit complete apposition and 
firm healing of the cavity walls. This may 
be true even though the actual lumen 
appears obliterated roentgenologically. Di- 
vision of the adhesions by the method of 
Jacobeus is the first and most obvious 
thing to trv. In those cases in which this 
does not prove feasible, two courses of 
action present themselves. Either the 
pneumothorax may be abandoned and a 
thoracoplasty performed, or paral3'sis of 
the diaphragm niaj' be tried. The latter is, 
of course, much the simpler and less 
dangerous procedure; and the relaxation of 
the adhesions which it provides will in 
man}’^ instances permit satisfactory- cavity- 
closure and eventual healing. Dumarest has 
made a particularly interesting study of the 
results of phrenic nerve interruption as 
used in conjunction with artificial pneumo- 
thorax. His diagrams best show the types 
of cases in which favorable and unfavorable 
results may- be anticipated. As one would 
expect, those cases in which the lower lobe 
has already- retracted upward from the 
diaphragm and those in which the cavity’^ 
lies in a part of the lung which is adherent 
to the parietes on all sides present the least 
favorable prognosis. (Fig. i .) 

These cases are no exception to the 
almost general rule that the initial inter- 


and one-half y^ears after roentgenological 
and clinical evidence of cavity^ closure has 
been reached, and inasumuch as a tempo- 
raryf interruption would have to be re- 
peated on four or more occasions so as to 
keep the cavity^ walls constantly apposed 
and the lung in a more or less fixed position 
thereby' giving it the best chance to heal, it 
is logical to hold that after the effectiveness 
of the measure has been proved, one should 
in these cases go ahead and do a permanent 
interruption before the diaphragm regains 
its full function again. In many' Instances 
this can and should be done. In cases with 
bilateral disease, however, and especially' in 
cases in which the contralateral lesion is as 
y'et unstable, one should never rush in to do 
a permanent paraly'sis. The contralateral 
lesion is apt to progress at any' time to such 
an extent that collapse measures may' be 
needed to control it and the permanent 
reduction in respiratory' function resulting 
from a phrenicectomy' may' make the per- 
formance of the necessary' operation ex- 
tremely' hazardous or even impossible. This 
has been the fate of many' patients with 
bilateral disease on whom permanent 
phrenic nerve interruptions have been done 
at an early' stage in their disease, and the 
outcome, of course, has only' too often been 
a fatal one. In such cases one should con- 
tinue to repeat the temporary' paraly'sis 
only' as often as it seems absolutely' neces- 
sary' and proves feasible; and a seasoned 
judgment resulting from a long experience 
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in dealing with the behavior of tubercular 
lesions is necessary to determine the best 
course of action in each individual case. 

The other important use of phrenic 
interruption in connection with pneumo- 
thorax therapy is in the patient whose 
disease has been satisfactorily controlled by 
a pneumothorax which has been main- 
tained over a number of years and which is 
now being abandoned intentionall}' or is 
being lost because of obliterative pleuritis, 
and in whom such extensive destruction of 
lung tissue has occurred as to make the 
eventual full expansion of the lung to fill its 
original hemithorax hazardous and incon- 
venient. The hazard arises from the strain 
to which the quiescent lesion would be sub- 
jected under such circumstances, and the 
inconvenience would derive from the un- 
pleasant subjective phenomena associated 
with high degrees of negative pressure in 
the thorax. In extreme instances this incon- 
venience maj' grow to real danger when the 
heart and other mediastinal organs are put 
under such tension that serious circulatory 
embarrassment may result. Permanent 
paralysis of the hemidiaphragm will cause 
a considerable reduction in the size of the 
hemithorax, and will help to circumvent 
the dangers outlined above. Some writers 
go so far as to advise paralyzing the dia- 
phragm temporarily during the critical 
re-expansion phase in every pneumothorax, 
claiming that in this way the frequentl^^ 
observed exudate ex vacuo is not en- 
countered and that the re-expansion is a 
smoother and less abrupt process. The type 
of pleural exudate that accompanies re-ex- 
pansion is, however, usually harmless and 
it is generally agreed that in most instances 
phrenic nerve interruption is unnecessary 
in this group. 

2. Phrenic Nerve Interruption Used as an 
Auxiliary to Extrapleural Thoracoplasty. 
Diaphragmatic paralysis used in conjunc- 
tion with thoracoplasty has its chief value 
in those cases showing disease involving 
practically the whole of the lung in ques- 
tion. The modern thoracoplasty is very 
effective in controlling upper and midlung 
disease, but is less efficient in influencing 


lesions situated in the lower one-third. 
Such disease processes lying as they do 
over the broad floor of the thorax, and 
e.xposed to the continual disturbing influ- 
ence of the contracting diaphragm are less 
subject to the relaxation and compression 
from above and from the circumference of 
the thorax, such as is provided by thoraco- 
plasty. Paralysis of the diaphragm which is 
best done after the completion of the 
thoracoplasty will give the necessary re- 
laxation from below. Provided the other 
lung is capable of carrying on the respira- 
torjf function adequately, one will desire 
permanent exclusion of the totally diseased 
side from activity, and in such a case one 
maj' well do a permanent interruption of 
the phrenic at once. 

3. Phrenic Nerve Interruption Used as an 
Auxiliary to Extrapleural Pneumonolysis. 
Some time after the establishment of an 
extrapleural pneumothorax or oleothorax it 
occasional!}' happens that signs of residual 
cavitation are detectable just beneath the 
floor of the artificially created extrapleural 
space. A temporary paralysis of the dia- 
phragm is always well worth trying in such 
a case before one decides to resort to 
thoracoplasty. In this way one subjects the 
cavity to a collapse effect acting from above 
and below. 

Phrenic nerve interruption is of value in 
treating certain other aspects of pulmonary 
tuberculosis in what may be classified as a 
miscellaneous group: 

a. Hemoptysis. Some authorities, in- 
cluding John Alexander, are firm in their 
advocacy of the operation in the treatment 
of hemoptysis met with in pulmonary 
tuberculosis. Others discount its value in 
this instance and hold that it may even be 
harmful in that it may lead to stagnation 
of tubercular infected blood in the lung 
thereby causing atelectasis and dissemina- 
tion of the tuberculosis. The fact remains 
that the bleeding does become controlled 
in many instances after performing the 
operation. One must be sure from which 
lung the blood is coming and the respira- 
tory functional capacity must be known 
to be adequate. Then if an attempt at 
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induction of pneumothorax has failed, one 
is justified in doing a temporary paralysis 
of the diaphragm on the side in question. 

b. Spontaneous Pneumothorax. In some 
instances of spontaneous pneumothorax, 
the aperture in the visceral pleura is held 
open by pleural adhesions and in this way 
the healing of the rent and absorption of 
the air is prevented. Relaxation of the 
adhesions and closure of the tear will in 
occasional cases be made possible by tem- 
porarily paralyzing the diaphragm. 

c. Tubercular Empyema. In tubercular 
empyemas that necessitate thoracoplasty 
to effect closure of the empyema ca^''ity, 
ascent of the paralyzed diaphragm will 
occasionally help in obliterating the defect. 
Provided the respiratory functional capac- 
ity warrants it, and seeing that the tubercu- 
lar empyema cavity is somewhat analogous 
to a giant pulmonary cavity for which one 
requires permanent collapse, one may well 
do permanent interruption in these cases at 
once. 

TECHNIC 

The exposure of the phrenic nerve is best 
done through a transverse incision lying 
about one finger’s breadth above and 
parallel to the clavicle, its medial end being 
placed just internal to the lateral border of 
the clavicular head of the sternocleido 
mastoid muscle, and extending laterally for 
a distance of about three inches. The opera- 
tion can admittedl}' be done through an 
incision half this length, but taking into 
consideration the important and e^^en vital 
structures that are found in the field and 
allowing for that cardinal requisite of good 
surgery — good exposure — one need make 
no apology for an adequate incision. Skin 
closure by means of Michel clips, remova- 
ble in forty-eight to seventy-two hours, 
leaves a linear scar which becomes well nigh 
indetectable in the course of time. 

Premedication in the form of i >2 gr. of 
nembutal two hours before the operation, 
followed by 3^ gr. of morphine sulfate and 
Hoo gr. of atropine sulfate one hour before, 
usually makes the procedure more com- 
fortable for the patient. The best posture is 


the supine position with the face turned 
away from the side of the operation. The 
skin is prepared according to the wishes 
of the surgeon and the operative site is 
adequatel}^ draped. Local anesthesia (0.5 
per cent novocain) is the anesthesia of 
choice in the adult, though cyclopropane 
or nitrous oxide anesthesia may be required 
for an unco-operative child. 

Exposure of the Nerve. The incision is 
carried down through the skin, superficial 
fascia and platysma, and superficial layer 
of the deep cervical fascia, with the scalpel, 
until one exposes the supraclavicular fat 
pad. The sternocleido mastoid muscle with 
the underlying carotid sheath is retracted 
medially and the external jugular vein is 
retracted laterally. 

The fat pad is divided by repeatedly 
inserting and opening the tip of a small 
Metzenbaum scissors and presently one 
comes down on the prevertebral fascia 
covering the scaleni muscles. Superficial to 
this the posterior belly of the omohyoid 
makes its appearance and as it is usually 
somewhat sensitive it is injected with a 
couple of cubic centimeters of novocain and 
is then retracted upwards. Below the 
omohyoid the transverse cervical vessels 
are seen coursing laterally and are carefully 
avoided. 

The phrenic nerve is found lying deep to 
the prevertebral fascia on the superficial 
surface of the anterior scalene muscle and 
gradually edging inward toward the medial 
border of this muscle as it descends. Lateral 
to the anterior scalene and emerging from 
the depression between it and the middle 
scalene one sees the brachial plexus. 
Extreme care is exercised in handling the 
plexus. The phrenic nerve is freed from the 
prevertebral fascia with a special nerve 
hook and its identit}'- is proved b}^ lightly 
pinching it with a hemostat when a con- 
vulsive twitching of the patient’s epigas- 
trium is caused by the resulting contraction 
of the hemidiaphragm. One-half to i cm. 
of novocain is then injected into the nerve 
sheath and the nerve is left for the present. 
A very careful search is now made for 
the accessory phrenic nerve or nerves, in the 
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angle between the brachial plexus and the 
main phrenic trunk. This is the most usual 
position for the accessory nerves and the 
search should be carried up to the point of 
emergence of the fifth cervical nerve from 
underneath the lateral border of the ante- 
rior scalene and down to the clavicle. It 
must be stated unequivocably that no 
phrenic interruption is satisfactorily per- 
formed without the finding and resection of 
any accessory phrenic nerves present. 
Medial to the main trunk and around the 
inner border of the scalenus anticus one 
looks for a possible second phrenic nerve, 
bccau'^e cases with double phrenic trunks at 
this level have been reported. Such a 
second trunk, if found, must be treated 
similarly to an accessory phrenic nerve, 
finally, seeing that an accessory phrenic 
nerve occasionally runs in the same sheath 
as the nerve to the subclavius muscle, this 
latter nerve whieii arises from Erbs point 
of junction of the fifth and sixth cervical 
ner\es and passes down anterior to the 
third p.irt of the subclavian artery and the 
subclavian vein is resected in those cases in 
which it is found. .Any strands which a{>- 
pe.ir to be accessories are tested in a similar 
(a'hion to the main trunk by pinchinu with 
a hemo'tnt and watching for an epigastric 
tw itch. 

from nfiw (»n the cour'-e to be pur'-ued 
dependN on whether temjx'rary or perma- 
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length is then frozen with an ethyl chloride 
spray or carbon dioxide snow; the acces- 
sories or their equivalents are treated as in 
the crushing technic. Freezing will cause 
interruption for a period of two to four 
months. 

2. Permanent InlcTTuplion. .Although 
avulsing the phrenic has been and still is 
being used widely to cause permanent 
paralysis of the diaphragm, the radical 
phrcnicectomy as proposed by Goetze and 
modified by J. Alexander is much the safer 
operation. In this procedure 2 to 4 cm. of 
the main phrenic trunk, together with one 
or more centimeters of all accessory roots, 
arc resected. 

In closing, the superficial fascia i'- 
brought together with two or three fine 
sutures of silk or catgut. Approximation of 
the skin edges is effected with .Michel clips 
and a dry gauze dressing is applied. 

COMPLICATIONS OF PUnCNTC LSTCHIIUPTION 

I, Immediate Operative Complication';; 
(a) Severe hemorrhage may occur from 
iniury to a normal or abnormal blood ve>^e! 
found in the region of the operation, nota- 
bly from the normal ascending or trans- 
verse cervical arteries or from an abnormal 
branch of the subclavian artery. On the left 
side the thoracic duct is- iia.ble to injury, 
•b) Pulmonary air embf>!ism i^a iJO'-'-ilniits , 
due to injury to the internal <ir externa! 
jugular or *-ubciavian vein'-. This aerident 
while iy>ssi!jly of minor si^nihc.uue in 
peojde with liealtiiy Uincs is apt to c.ui'<- 
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gastrocardial complex has been observed 
when unusually high ascent of the dia- 
phragm on the left side interferes with the 
normal mechanism of the cardia and leads 
to air swallowing and permanent distention 
of the stomach. An uncomfortable feeling 
of fullness and intractable vomiting is the 
result. 

Mechanical ileus has been reported after 
right-sided operations due to displacement 
of the duodenum, and constipation as the 
result of interposition of the large bowel 
between the liver and the diaphragm. 
These latter complications arc only ex- 
tremely rarely observed and probably then 
only in cases with pre-existing abdominal 
abnormalities such as adhesions or ptoses. 
When suspicion of such possibilities exists, 
as for example in cases with peptic ulcer, 
one should be slow to perform phrenic 
interruption and one should never under- 
take an initial permanent interruption. 

(c) Undue displacement of the heart 
and great vessels may result. The healthy 
cardiovascular system is not likely to be 
seriously disturbed by paralysis of the 
hemidiaphragm. Embarrassment may oc- 
cur, however, in cases with cardiovascular 
disease, and experiments by Nissen and 
Wustmann on the caval blood flow are of 
interest in that they suggest the detri- 
mental effects of permanent diaphragmatic 
paralysis on the cardiovascular system 
when the latter begins to be taxed bv the 
common degenerative changes accompany- 
ing advancing years. 

POSTOPERATIVE TREATMENT 

Strict attention to the after-care is one of 
the most important aspects of phrenic 
nerve interruption, and one upon which the 
degree of success or failure of the measure 
often depends. It is remarkable what a 
pronounced rise of the diaphragm occurs in 
patients who are kept strictly on bed rest 
for long periods after the operation for 
some such reason as Potts’ disease of the 
spine. If the greatest benefit is to be 
secured, absolutely' strict bed rest should 
be enforced for at least three months 


postoperatively. In addition, the foot of 
the bed should be raised ten to fifteen 
inches and the patient should lie as much 
as possible on the side of operation. In 
this way, the weight of the abdominal 
viscera pressing continually upward against 
the paralyzed diaphragm and the minimal 
ventilation of the lung resulting from strict 
bed rest will cause a striking ascent of the 
diaphragm in those cases in which it is not 
fixed by adhesions. The position is natu- 
rally uncomfortable at first; but if the rais- 
ing of the foot of the bed is brought about 
gradually in steps of three to four Inches at a 
time, a co-operative patient will quickly 
become accustomed to it. The compara- 
tively recent work by Kremer and Von der 
Weth with the Roentgen-Kymogram shows 
some promise that by means of this technic 
one can predict with fair accuracy the 
amount of success or failure to be expected 
from a phrenic nerve interruption in treat- 
ing an upper lobe lesion of more than 
minimal extent. 

SUMMARY 

The operation of phrenic nerve interrup- 
tion is of the nature of a minor procedure in 
an operative field whose near-vital anatom- 
ical structures makes the possibility of 
serious complications a dangerous trap for 
the unwary operator. The absolute neces- 
sity of strict attention to the indications is 
borne out by the fact that its well proved 
eflicacy in suitable cases is balanced by its 
inefiicacy and grave dangers in unsuitable 
cases. The wise surgeon must think twice 
before he puts half of a patient’s diaphragm 
forever out of action, and the initial 
paralysis should hardly ever be a perma- 
nent one. 
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BRONCHOPLEURAL fistula is a 
communication between the pleural 
cavity and the bronchial tree, how- 
ever tortuous the tract may be. It may oc- 
cur as a complication of a neglected pneu- 
mococcic or other pyogenic empyema, as a 
result of drainage of a lung abscess, or as a 
result of trauma, but is most commonly 
found in pulmonary tuberculosis, fre- 
quently as a complication of artificial 
pneumothorax. This paper will concern 
itself particularly with the problem as en- 
countered in tuberculosis. 

The fistula may be of any size, from 
microscopic to several centimeters in diam- 
eter. It may be transient and may be 
open constantly or intermittently. 

The significance of a fistula lies not in the 
communication itself but in its complica- 
tions. These fall into three groups, any or 
all of w’hich may obtain in a given case: (i) 
Alteration in the intrapleural pressure; (2) 
infection of the pleural cavity bj’- either or 
both (a) the tubercle bacillus (from the 
rupture of a caseous subpleural focus or the 
sloughing of a cavity wall); (b) pyogenic 
organisms; and (3) aspiration of pleural 
exudate into a bronchus. Symptomatically 
annoying, this frequently causes extensive 
spread of the disease. 

Incidence. To Coryllos and bis co- 
workers®'®’“- must go the credit for making 
us realize the high incidence of this condi- 
tion. Until gas analyses were used, only 
those fistulas were diagnosed which were 
large enough to cause abnormal pressure 
readings or to aIIo\v expectoration of appre- 
ciable quantities of pleural fluid, either w'ith 
or without the admixture of a dye such as 
methylene blue or gentian ^-iolet. 

In Table i is given the incidence of this 
complication as listed bj’^ various authors. 


The average is about 5 per cent of artificial 
pneumothorax cases but represents onl}' 
those clinically recognized. If we include 
the small or intermittent leaks which are 
found only by gas analysis, the figure is 
much higher. Auerbach and Lipstein- give 
an incidence of 7.8 per cent in 1,000 
autopsies of those dying of pulmonary 
tuberculosis. Of this 7.8 per cent about one- 
fifth were found in previously' uncollapsed 
lungs. It should be borne in mind that even 
at autopsy some fistulas, particularly small 
ones, will escape detection, so the true 
incidence would probably be in excess of 
the figures found. 


Tarle I 

ISCWC\CC or nnONCHOPLELRAL nSTLLA 
IN PNEUMOTHORAX 


Author 

Vcor 

Material 

Per- 

fora- 

tion 

Per 

Cent 

BurreU*. 


i**i cases pneumothorax 

4 

2 3 

Matson^ 

*935 

480 cases pneumothorax 

16 

3 3 

Wcisman^ 

193b 

I so cases pneumothorax 


3 3 



72 c'ises effusion 

( 

- 0 

Du marcst and 





Brcltc* . . ' 


1 265 cases pneumothorax 

1 1 

4 * 

Burnard* 


I 300 cases pneumothorax 

*4 

4 0 

Fishberg^’ (Monte- 





ftorc Hospital) 

*932 



5 0 

Andrew Peters* . 




5 0 

NicLIas, Franklin 

* 93 " 

375 cases pneumothorax 

*9 

5 0 

and Zavod 


253 cases effusion 


7 5 

Forlanim* 


139 cases pneumothorax 

*8 

5 " 

Auerbach and Lip- 





stcin- 

*939 

1000 autopsies j 


7 8 

Brown and Hajes^* 

*933 

230 cases pneumothorax ^ 

.. 1 

1 

10 0 


* Quoted by Fishberg 


Bronchopleural fistula is more prone to 
occur in the early months of pneumothorax, 
particularly if the collapse is incomplete, 
but it may occur where a successful pneu- 
mothorax has been maintained for a long 
time. In the series of Brown and Hayes, 
the average time for occurrence of the fistula 
in twenty-three cases was the twenty-ninth 
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month after initiation of pneumothorax. 
This is probably later than most series 
would give because in seven of these cases 
it occurred after the fortieth month and in 
one after six and one-half years. 

Auerbach and Lipstein- found at autopsy 
that those perforations which occurred 
within six months of pneumothorax were 
usuallv associated with a fulminatins: case- 
ous pneumonia, whereas those fistulas 
occurring from one to four years later 
were associated with chronic pulmonary 
tuberculosis. 

Relatio 7 \sbip of Empyema to Fistula. If 
we consider the relationship of empyema to 
fistula, we find it is a very close one. 
Alexander* states, “It is probable that a 
majority of all tuberculous empyemas, 
certainly those secondarily infected, started 
from a tiny, unrecognized perforation or a 
larger rupture of the lung.” Coryllos,** on 
the basis of his studies of pleural gas 
analvsis, states that bronchial fistula is the 
most important factor in the pathogenesis 
of purulent effusion or the change of clear 
effusion to purulent. However, without gas 
analysis, this is difficult to prove, although, 
as Hayes*® points out, it should be sus- 
pected in every case of pleurisy with severe 
onset even if it cannot be proved at the 
time. 

Without using gas analysis, fistula can be 
proved in about one-third of all tuberculous 
empyemas, Skavlem and his co-workers"' 
found 20.5 per cent; Woodruff,®® 30.5 per 
cent; Nicklas, Franklin and Zavod,-® 35.1 
per cent; Brown and Hayes,*® 38 per cent; 
Mainin,*® 41,3 per cent. Conversely, how- 
ever, where there is a gross bronchopleural 
fistula, tuberculous or mixed infection 
empyema is almost universally found. 

Nicklas, Franklin and Zavod’s nineteen 
cases of bronchopleural fistula were dis- 
co^'ered among their fifty-four cases of 
empyema; probably in the majority of 
instances the empyema was due to the 
fistula. Auerbach and Lipstein" state that 
in their seventy-eight cases of fistula dis- 
covered at autopsy, empyema was present 
in every instance with the exception of five 


cases in which the fistulas developed too 
near death for fluid to develop. 

While the majority of large bronchial 
fistulas are associated with a tuberculous 
empyema, it is not always easy to prove 
a secondary p3^ogenic infection. Man}" 
authors have failed to find pyogenic bac- 
teria in a large number of tuberculous fluids 
in which a fistula is known to be present. It 
would seem that man}* of these failures are 
due to an insufficient number of examina- 
tions over a long enough period of time. 
However, Harpoth and Gad*^ in nine suc- 
cessive cases of fistula over a period of two 
vears failed to find secondarv organisms in 
a single instance. Nicklas and his co- 
workers®® found secondaries in only six 
of nineteen known perforations. In the 
Saranac Lake series collected by the present 
author,®® there were fortv-seven cases of 
fistula and in twelve no secondaries were 
isolated. However, these twelve included 
instances in which the patients died quickly 
after the perforation and other instances in 
which there were very few bacteriological 
e.xaminations. In discussing that series 
Rogers®® stated that he had had a similar 
experience — se\*en negati\’es in twenty 
empyemas. Auerbach and Lipstein® in their 
autopsy series found that in forty-four of 
their cases in which the bacteriologv was 
accurately known, mixed infection was 
present in twenty-seven, or 60 per cent. 

Size and Location. Fistulas range from a 
microscopic perforation to the actual 
sloughing of a cavity wall, in which case the 
fistula may measure several centimeters in 
diameter. Inasmuch as these fistulas are 
due to sloughing of tuberculous foci, they 
are found where the tuberculosis is most 
extensive and where cavities and adhesions 
are most likely to be, namely, in the apex of 
the lung. Auerbach and Lipstein® reported 
73 per cent in the upper lobe. The minute 
ones which can be diagnosed only by gas 
analysis or by variations in intrapleural 
pressures are the most numerous. 

Sxnnpto^ns. There is no one symptom 
complex which will cover all cases of fistula. 
First, it should be borne in mind that, while 
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the majority of fistulas occur in cases of Frequently the formation of a fistula is 
therapeutic pneumothorax, they can occur attended by violent constitutional symp- 
in previously uncollapscd lungs. In such a toms. In other instances there is no dra- 
case a fistula initiates the pneumothorax. matic change and without the aid of gas 
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Fig. r. Fig. 2. 

Figs, i and 2, Case i. Bilateral pncuinothora\ before and after development of bronchopleural 
fistula on the right with tension pncumothora.\. 


If a fistula is small and temporary, there 
may be no symptoms and many such cases 
escape detection. 

Dyspnea, if not the most common symp- 
tom, is one of the most distressing and one 
which attracts the attention of both the 
patient and the physician. 

Pain in the chest, sudden fever, une.x- 
plained malaise, the expectoration of mate- 
rial either greater in amount or differing in 
character from that previously raised, are 
all symptoms, which, when they occur in 
tuberculosis, should suggest to the clinician 
the possibility of bronchopleural fistula. 
Any of these occurring in the presence of an 
artificial pneumothorax should make him 
strongly suspect it. In addition, the rapid 
formation of fluid, particularly if it is 
cloudy, or the change of fluid already 
present from clear to cloudy, or a collapse 
greater in amount than would seem likelj' 
from the amount of air injected are all 
suggestive of the presence of a fistula. 


anah’sis the presence of many fistulas 
would never be suspected, much less 
proved. 

Diagnosis. In some cases the diagnosis 
of fistula can be made on the basis of 
symptoms and signs; in others, the symp- 
toms are merely' suggestive and other tests 
are necessarj-. 

There are two symptom complexes which 
are easily recognized clinically and which, 
when present, are pathognomonic: The first 
is due to a marked change in the intra- 
pleural pressure, with or without signs of 
infection, and the second is the expectora- 
tion of pleural fluid. Both of these are 
discussed subsequently. 

Case i. Illustrating the first tj-pe of small 
fistula with developing tension pneumothorax 
is the case of Mrs. H. C., who was under the 
care of Dr. S. E. Simpson. (Figs, i and 2.) 

The author had performed a. closed intra- 
pleural pneumonolysis on the right side eleven 
dajES before the film of December 22, 1936. 
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Convalescence was uneventful until the after- sent the minority of fistulas. Many of the 
noon of the twenty-second when she developed others are more difficult to diagnose and 
increasing dyspnea, and between the time of the are proved only b}’ other diagnostic 



Fig. 3. • Fig. 4. 

Figs. 3 and 4. Case n. Bilateral pulmonarj’ tuberculosis with tuberculous emptema on the left. 
Figure 3 shows the size of the pocket and Figure 4 shows the position of the catheter. The 
teclmic of the insertion of this catheter is illustrated In Figure 9. 


first film and the one of the twenty-eighth, 
4,700 cc. of air had been withdrawn from the 
right side and 800 cc. of air from the left. 

Case ii. The second commonly recognized 
type, in which a patient suddenly expectorates 
pleural fluid, is illustrated by the Case of hlr. 
B. S., who was under the care of Dr. J. Woods 
Price. (Figs. 3 and 4.) Fluid had been form- 
ing slowly and on February 6, 1941, 850 cc. 
were aspirated. During the aspiration fluid 
was replaced by an equal amount of air. The 
patient was left with a pressure of -[-3 + i, 
which was quite usual. Following aspiration 
there was increased elevation of temperature for 
four days. However, the course was otherwise 
uneventful until the night of February 14, 
when he began to cough and raise fluid when 
recumbent. This fluid was thinner and had a 
different taste from the sputum which he had 
previously raised. He soon 'found that the 
cough stopped on sitting up or when lying on 
the left side. This case will be discussed further 
under “Treatment.” 

In Cases i and ii, and many more like 
them, the diagnosis is obvious. They repre- 


methods, at postmortem or not at all. In 
the autopsy series collected by Auerbach 
and Lipstein- in only 67 per cent was the 
diagnosis made antemortem. 

Whenever fistula is suspected we have a 
number of criteria and tests at our com- 
mand. Frequenth' only one will be positive; 
in other instances, several. For purposes of 
discussion we shall list them separately: (i) 
Physical ex'amination, (2) expectoration of 
fluid or dyes, (3) pressure changes in 
pneumothorax space, (4) gas analysis under 
varying conditions, (5) .x-ray or fluor- 
oscopy, and (6) thoracoscopy. 

Physical Examination. There is no con- 
stant phj^sical finding in all bronchopleural 
fistulas, although, as BarnwelF brings out, 
“An}' respiratory difficulty appearing in a 
pneumothorax patient should be regarded 
as due to pulmonary perforation until 
proved otherwise by a determination of the 
intrapleural pressure.” As he further points 
out, the symptoms of acute perforation are 
entirely respirator}' until pressure on the 
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great veins and heart result in circulator}^ 
disturbance and until general anoxemia 
produces convulsions. If the examiner can 
hear the bubbling of air through fluid or a 
metallic tinkle, it is probably pathogno- 
monic of a fistula. This is seldom present. 
If it can be demonstrated that there is a 
shift of the mediastinum with displacement 
of the heart away from the suspected side, 
fistula is strongly suggested. Before it can 
be considered as absolute proof, one has to 
be certain that the shift is a new develop- 
ment unrelated to an excessive amount of 
pneumothorax refill or the development of 
a large pleural effusion. There may be 
extreme fullness of the affected side of the 
hemithorax with bulging of the interspaces. 
There may be rapid respiration, evidence of 
air hunger and C3"anosis. All of these signs 
are suggestive; none is pathognomonic. 
The most important point on physical 
examination is to recognize dyspnea when 
present and to realize that increasing 
dyspnea presents an acute emergenc3A 
When it is present, the immediate treat- 
ment is directed toward its control. For 
instance, in Case i air was first withdrawn 
at 3 A.M. on December 23. Despite the 
appearance of the film of December 28, no 
further air was withdrawn because d3'sp- 
nea was not marked. 

Expectoration oj Fluid or Dves. Com- 
monly, a patient who has had fluid in the 
pleural cavity will begin to expectorate 
larger amounts or material of a different 
character than previousl}". This is charac- 
teristicalK' influenced b}’ the patient’s 
posture. In other words, when the orifice is 
above the fluid level, he will not expecto- 
rate fluid; when it is below the fluid level, 
he probably will. This was true in Case ii. 
Dye placed in the pleural cavit}" and recog- 
nized in the sputum is a great aid when in 
doubt. Gentian violet when used as an 
irrigating solution is an excellent indicator. 
It was used in this instance and seen in the 
expectoration several da3S later. Meth\I- 
ene blue is a commonly used indicator, 
10 cc. of a I per cent solution being used. It 
tends to fade over a period of da3-s in the 


presence of pus. The taste of gomenol is 
characteristic in those cases who have 
oleothorax. All of these are proof positive 
when spat up, but the failure to expectorate 
them does not mean that there is no com- 
munication. In the series of Auerbach and 
Lipstein,- previously referred to, out of 
thirt3’^-four instances in which fistula was 
proved at postmortem and in which 
meth3dene blue was injected during life, it 
was expectorated in onl}" twent3"-two in- 
stances, or in two-thirds of the cases. Nor is 
the failure to expectorate d3'e due alwa3's 
to the fact that a fistula is small. It ma}' 
occur when there is a large opening if the 
opening is kept above the fluid level. In 
other instances, if a fistula has been present 
but is sealed over b}^ fibrin or temporaril}' 
closed b}'^ pressure, neither fluid nor d3'e 
ma}'^ be spat up immediate!}". 

Aromatic oils, such as wintergreen, have 
been used as indicators, usuall}" a few drops 
being placed on a cotton filter in the line of 
a pneumothorax machine. This is less sensi- 
tive than the dye, is open to man}" errors of 
interpretation and has little practical 
value. 

Pressure Changes in Pneumothorax Space. 
These changes may be of two types; (a) 
Where the fistula is so large and so patent 
that no matter how much air is injected 
into the pleural cavit}" or withdrawn from 
it, no change in intrapleural pressure can be 
obtained. In such an instance the diagnosis 
is clear; but, if there is any doubt, methyl- 
ene blue placed in the pleural space would 
probably be expectorated promptly, al- 
though it might be necessary to tilt the 
patient in various positions until one is 
found in which the perforation would be 
beneath the fluid level, (b) Where the open- 
ing is very small or intermittent, there is a 
tendency to build up a positive pressure 
or to fail to maintain a highly negative 
pressure if one is produced. 

This is well illustrated by the following 
summary of a patient who was under the 
care of Dr. John Hayes at Sanatorium 
Gabriels: 
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Case HI, Mr. C. C. Tuberculous empyema, 
right side, aspiration and irrigation, with 
attempt to re-expand, using high negative 
pressure. 



Pressure in Cm. 
of HiO 

Amount 
in Cc. 


Date 

Before 

Treat- 

ing 

After 

Trc.tt- 

ing 

Iniccted 
or Aspi- 
rated 

Remarks 

6 - 25 - 3 ? 

-5-0 

-23-12 

75 

Scropurulent material aspi* 
rated; washed with 550 
cc. saline 

6-2S-3S 

— 6 — 2 

-18-12 

350 

Air aspirated 

7-1-38 

~o— 12 

-24-12 

50 

1 

Purulent rcdclish-colored 
fluid aspirated; washed 
with 300 cc. saline 

7— 5 ~ 3 S 

— 6 — 2 

— 15 — to 

250 : 

Air aspirated 

7-S-3S 

-2 + 2 

—26—16 

50 

1 

Brownish pus aspirated; 
washed with 200 cc. saline 

7-12-38 

-f6+S 

— 24— iS 

450 

Air aspirated; no fluid ob- 

7-15-38 

+ 4+8 

— 12 — 2 


tainahle; washed with 500 
cc. saline; added 50 cc. 
gentian violet, itiooo 

7-21-38 

— 0 - 1-4 

— 4 + 2 

100 

Gentian-colored pus aspi- 
rated; washed with 300 
cc. saline; introduction of 
saline into pleural cavity 
initiated spasm of cough- 
ing with raising of gentian 
violet 


It will be noted that on July 8, 1938 the 
initial pressure was — 2 2, when three days 

previously the final pressure was —15 — 10. 
This reading in itself was quite suggestive of 
perforation but more marked was the initial 
reading four days later of +6 + 8. In the 
absence of a marked increase in fluid, that was 
presumptive evidence of perforation. It was 
thirteen days after the first suspicious pressure 
reading before the diagnosis was verified by 
the raising of sputum and dye. Dye had been 
in the pleural cavity for six days before it was 
expectorated. 

The pneumothorax record of Case i is 
here given in detail as it illustrates an inter- 
mittently open fistula. It is also an instance 
of control of symptoms by repeated aspira- 
tion of large amounts of air. 

Case I, Mrs. H. C. Bilateral pneumothorax. 
Pneumonolysis, right, 12-9-36 and 12-11-36. 

It will be noticed that pneumothorax pres- 
sures through December 22, 1936 were what 
might be expected. However, at 3 a.m. on 
December 23, 1936, because of increasing 
dyspnea, fluoroscopy was done and revealed 
almost complete collapse of the right lung. 


RECORD OF PNEU.MOTHOR.\X ON RIGHT SIDE 


Date 

, Initial 
j Pressure 

Amount 
of Air 
in Cc. 


Final Pressure 

12-17-36 

-6 - 3 

Refdls 
100 j 

— 6 — I 


1 2-22-36 

- 11-3 

250 

— 7 — 1 


12-23-36 

— 4 + 4 

Aspira- 
tions 1 
iSoo 

- 12 - 3 

Spontaneous pneumo- 


-4 + 2 

1 TOO 

-8-2 

thorax at 3 a.m. Also 


-5 + 4 

iSoo 

— 10 — 4 

800 cc. removed from 

12-31-36 

— 6 — 2 

! 

500 

— 10 — 2 

left side. 

1-15-37 

- 4-0 

600 

— 10 — 4 

9:00 A.M. 


-12 + 2 

800 

— 14 — 4 

7:55 P.M- 

1-16-3- 

? + 16 

800 

— 14-4 

8:30 A.M. 


— 6 -i- 4 

900 

- 12-4 

4:55 P-M* 


— 6 4 

900 

— 16 — 4 

7:30 P.M. 


-5 + 3 

550 

- 14 - 12 

1 10:55 P.M. 

i-i 7 - 3 ~ 

— 8 -F 4 

900 • 

— 12 — 4 

I :40 A.M. 


-8 + 3 

1 100 

- 16 - 3 

8:45 A.M. 


-10 + 3 

900 

— 12 — 4 

4:00 P.M. 


-8 + 3 

800 

- 12 - 4 

S:oo P.M. 

1-1S-3T 

-8 + 2 

500 

- 14 - 4 

I :00 A.M. 


-7 + 2 

i 900 

— iS — 4 

11:30 A.M. 


-6 + 5 

700 

— 16 — 5 

2:00 P.M. 


-7 + 3 

700 

-17 — 4 

11:50 P.M. 

1-10-3- 

~7 “F 4 

i 

900 

— 16 — 4 

9:30 A.M. 


Beginning then and continuing for thirty-six 
hours a total of 4,700 cc. was removed from 
the right side and 800 cc. from the left. Five 
hundred cc. more were withdrawn on Decem- 
ber 31, 1936 and the leak apparenth’’ closed. 
Subsequently on January 15, 1937 it reopened 
and between then and January 19, 11,950 cc. 
of air were withdrawn and a needle was left in 
place. Despite this she died, having been 
cyanotic for the preceding forty-eight hours. 

Case IV developed a fistula that from its 
beginning was so large that it was impossible 
to maintain a negative intrapleural pressure. 

Case IV, Mr. L. K. Tuberculous empyema, 
right side, with unsuccessful attempt to control 
by oleothorax. Readings include amount of oil 
given and later withdrawn. 


Dale 

Initial 

Pressure 

Treatment 

Final Pressure 

11-21-38 

-4 + 2 

800 cc. cloudy fluid 
removed — 900 cc, 
gomcnol in olive oil 
instilled 

— 4 — 

1-5-39 

—6 — 10 

Thoracentesis of 750 
cc. oil, 525 cc. 
cloudy fluid. Air 
given until pressure 
was —8 — 3 

1 

CO 

1 

1 - 13-39 

+ 3+8 

100 cc. air removed 
Rose to 

-8 - 0 

“ 5+3 after few 
minutes 

2-7-39 

+ 5 + 0 

i 

200 cc. air removed | 
Changed to 

1 

— 7 + 1 

“3 + 3 when cleared 
throat 
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In this case the opening ^Yas large enough 
so that merelj'^ clearing the throat or waiting 
a few moments was enough to alter the pres- 
sure materially. In perforations larger than this 
the administration or withdrawal of large 
amounts of gas will produce no change in 
pressure. 

In certain instances in which rupture is 
suspected, a highly negative intrapleural 
pressure may be produced intentionally^ to 
see if there is a leak. Such a method cannot 
differentiate between a fistula and a leak in 
the apparatus. Probably it is a safe test 
provided the pressure is not carried too {o\v. 
I doubt that any harm follows the use of 
pressures of —10 to —12 cm. of water. 
Theoretically, hoNvever, a very^ low^ nega- 
tive pressure might result in reopening a 
fistula which is sealed by^ fibrin, and it 
hardly seems justifiable to take the chance 
of reopening a fistula just to make a 
diagnosis. 

Gas Analysis. The first instance which 
I have been able to find of the analysis of 
the pleural gas in a case of bronchopleural 
fistula is the one described by John Davy 
before the Royal Society of London in 
1823. Because of the historic interest of this 
case, I am quoting at length from it. The 
patient also had a spontaneous tension 
pneumothorax and an empy^ema. 

“Abraham I redill, of the 7th regiment of 
Foot, aged 30, was admitted into the General 
Military Hospital at Fort Pitt, Chatham, on 
tlie 15th of January last, labouring under 
phthisis pulmonalis, and invalided on account 
of it. 

“His disease exhibited some peculiarities, 
the cause of which was not discovered during 
life, the chest not having been minutely' exam- 
ined by exposure and percussion, owing to the 
severity of cold at the time and the hopeless 
state of the patient, evidently on the brink 
of the grave. He expired on the nth of Feb- 
ruary, and his body was inspected the day 
following, fourteen hours after death 

“The right side of the chest exhibited a 
great degree of fulness, and it emitted, when 
struck, a hollow sound. On carefully opening 
the abdomen, the diaphragm was found pro- 
trading into the right hypochondrium, exhibit- 


ing a surface convex, and almost conical 
instead of concave; and it was tense and tym- 
panitic. The right lobe of the liver was pressed 
into the epigastrium, and rested on a portion 
of the stomach and duodenum and a part of 
the transverse colon. Owing to the pressure of 
the liver, the pyloric portion of the stomach 
was removed from its natural situation to the 
left iliac region, where it rested on the upper 
part of the sigmoid flexure of the colon . . . 

“The body was put into a bath, and a small 
opening was made, under water, with a scalpel, 
into that part of the right pleura, best adapted 
by' situation to allow the escape of air. Air 
issued out in abundance: 212 cubic inches 
were collected in receivers, and about 13 cubic 
inches escaped, making altogether the enor- 
mous volume of 225 cubic inches (almost 
3700 cc.). 

“On inflating the lungs with a double bellows 
through an opening into the trachea, the right 
lung became much e.\panded, and air was 
found to pass freely from the lung into the 
pleura through an ulcerated opening in the 
upper part of the superior lobe. 

“The right lung was carefully dissected out 
In the upper part of its superior lobe 'a tuber- 
cular excavation,’ or vomica, was found, of the 
capacity of about four ounce measures, which 
communicated with the aspera arteria by' a 
large bronchial tube, the ulcerated end of 
which terminated in the side of the e.\cavation 
opposite to the openings by' which the vomica 
communicated with the pleura 

“On examining minutely' the communication 
between the cavity' of the chest and the lung, 
a kind of valvular structure was discovered, 
which would allow of air being pumped into 
the pleura in the act of inspiration, but not of 
its escape in expiration, owing to which, no 
doubt, the accumulation of air in question, 
took place . . . The cavity opened into the 
cavity of the chest by a hole in the pleura 
pulmonalis about the size of a crow-quill, and 
into the vomica by' three smaller holes in the 
substance of the lung, not corresponding with 
the former, so that a probe could not be passed 
from one into the other in a straight line; and, 
consequently, when the surfaces of the sinus 
were pressed together by the compression of 
the air in the pleura in the act of expiration, 
the communication through which the air 
entered was closed, and its exit prevented.” 
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The water of replacement from the right 
pleura when settled showed i ounce ol white 
sediment. 

“The air collected from the pleura had not 
the least foetor, nor indeed any smell. It ex- 
tinguished fiame, and was not inflammable. 
Examined by means of lime-water and phos- 
phorus (which was sublimed in it without 
effect) too parts of it were found to consist of 
8 carbonic acid gas and 92 azotic gas. 

“It seemed almost demonstrated that the 
air was atmospheric air altered 

“The next question that presented itself 
was, how the alteration had taken place; what 
had become of the oxygene that had dis- 
appeared; whence the carbonic acid gas with 
which the azote was mixed?” 

The observer clearly described (1) ten- 
sion pneumothorax and (2) valvular fistula, 
and he drew the conclusion that the air was 
atmospheric air altered. When we con- 
sider the date, we are also Impressed by the 
accuracy of the gas analysis. To answer his 
own question regarding the fate of the 
“oxygene” and the presence of the car- 
bonic acid gas, he carried on a series of 
experiments with dogs. 

Since Dr. Davy’s original observation, 
many other workers have published studies 
on the composition and changes of air in a 
pneumothorax space under varying condi- 
tions. The reader is particularly referred to 
the articles by Matsuzaw'a.-^"-’’ 

When air is injected into the pleural 
space, there is rapid diffusion through the 
pleura of all component gases until an 
equilibrium is reached. If it be atmospheric 
air which is injected, carbon dioxide will 
diffuse into the space and oxygen diffuse 
out. Inasmuch as carbon-dioxide diffuses 
much more rapidl}’ than oxygen, the 
volume of a pneumothorax will be tempo- 
rarily greater shortly after a refill than 
immediately upon its completion (Dautre- 
bande and SpeliF). Carbon dioxide will also 
reach a stationary level sooner than oxy- 
gen, although even in the presence of 
marked pathology both ^Yill have practi- 
cally reached an equilibrium in twenty-four 
hours. The rate of diffusion depends upon 
many factors and, also, the final levels of 


the gases vary according to whether the 
pneumothorax is “dry” or whether there is 
fluid, and, if fluid, whether or not it is 
sterile, or contains tubercle bacilli alone or 
tubercle bacilli plus secondary organisms. 

In general, in dry pneumothorax the 
oxygen level is higher and the carbon- 
dioxide level lower than when fluid is 
present. 


T.\ble 11 

V.^.HJES OF GASES UNDER VARYING CONDITIONS OF 
PNEUMOTHORAX WITHOUT FISTULA 



N 

Per 

Cent 

0. 

Per Cent 

C02 

Per Cent 

X. Atmospheric air 

70 

2 t 

.03 

2. Dry pneumothorax 

Birch^ 


.9 -4.5 

c 

0 

1 

00 

Coryllos, Konterwitz 
and Levine* 


1 . 0 

0 

0 

1 

0 

CO 

Coryllos and Wclkind** 


3.8 

6.0 - g . 0 

Harpolh and Gad*^... 


2.0 -6.0 

4.0 - 8.0 

Matsuzawa-i-Si 


.88-3., 

5.98- -.94 

3. Fluid 

Birch®. 


•4 -4.31 

0.84-14.- 

Coryllos, Kontorwitz 
•ind Levine’ 



1 4 • oor more 

Coryllos .iiul Wclkind* 


.0 - .4 

1 0 . 0 -13.0 

Harpoth and Gad>^. . . 


.0 -2.0 

8.0 -12.0 

Matsuznwa®® 


. 04 - 1 . 5 

10. 0 -13.0 


Also, in the presence of fluid there is a 
further variation in that the more acute the 
pleurisy or empyema, the higher the car- 
bon-dioxide level. The table below lists the 
values given b}^ several different authors 
for oxygen and carbon-dioxide under vary- 
ing conditions. 

Inspection of the above table reveals that 
w'hlle there are differences, there is fair 
general agreement. 

In dry pneumothorax we have a right to 
expect an oxygen content of i to 5 per cent 
and a carbon-dioxide content of 6 to 8 per 
cent. In the presence of fluid, oxygen falls 
to low levels, rarely being as high as 2 per 
cent, while carbon-dioxide ranges from 
8 to 14 per cent. 

With these figures in mind, let us con- 
sider the effect of a leak. In the presence of 
a fistula there will be a tendency' for the 
intrapleural air to approach the composi- 
tion of alveolar air; N — 80 per cent; 
O2 — 15 per cent; CO2 — 5 per cent. Any 
leakage in the thoracic cavity lowers the 
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carbon-dioxide percentage but increases the 
oxygen percentage in the imprisoned gas 
(Harpoth and Gad"). The extent of the 
change will depend upon the size of the 
fistula and whether or not it is open con- 
stantly or intermittently. 

By keeping in mind the above factors, it 
is not too difiicult to interpret the findings 
on single or successive gas analyses. 

In a pneumothorax without fluid, any 
oxygen reading above 5 volume per cent 
with a carbon-dioxide reading below 6 
volume per cent strongly suggests perfora- 
tion, if the analysis is made at least twenty- 
four hours following the last refill. In the 
presence of fluid, an oxygen reading above 
2 per cent and a carbon dioxide reading 
below JO per cent is of similar import. In 
each instance, the higher the oxygen and 
the lower the carbon-dioxide, the more 
likely it is that a perforation is present and 
the larger it is apt to be. 

Details of technic may be found de- 
scribed b^- A'latsuzau-a,-^ Birch/ 

Coryllos and Welkind,* Harpoth and Gad." 

If the fistula is open at the time a sample 
is taken, the findings by gas analysis arc 
apt to be clear cut. Howev'er, if the fistula is 
very small or if it is temporarily closed, the 
methods of Bettman^ and Harpoth and 
Gad" will help. They consist in comparing 
values for gas content before and after a 
marked negative pressure is produced. In 
the absence of fistula the two readings for 
each gas will be very nearly the same. If 
there is a fistula through which outside air 
has entered during the inter\'al, there will 
be a marked discrepancy' in the readings. 
The dangers of highly' negative pressures 
have been discussed previously'. 

In many cases where a single analysis is 
equivocal, serial analy'ses over a period of 
severjil day's, even without the use of highly' 
positive or negative pressure, will reveal 
the presence of the leak. 

In this paper a great deal of time has 
been given to the description of gas analysis 
as a diagnostic aid in bronchopleural 
fistula. It has been shown that in many’ 
cases the diagnosis can be made in no other 


way. However, when it comes to treatment, 
any case in which the fistula has to be 
proved by gas analysis might as well be 
treated as though a fistula did not exist. 

A'-roi' or hluoro.scopy. This type of 
e.xamination is of value in fistula in reveal- 
ing: li) More collapse of the lung than 
njight be expected from pneumothorax 
refills alone; (2) distortion of the medias- 
tinum away from the collapsed side; (3) 
depression of the leaf of the diaphragm on 
the side of the fistula. 

All of these findings are relative and 
while a fistula may be suspected from a 
single examination, it is dilficult to prove 
on less than two observations, one before 
and one after the occurrence of the perfora- 
tion. And these two observations are of 
maximum value only when we know 
whether or not the patient has had a refill 
in between and, if so, how much air was 
given and what the pressures were. Not 
infrequently after the administration of an 
inith] pneumothorax or, less commonly, 
after a refill, .v-ray or fluoroscopic e.xamina- 
tion will reveal a collapse of the lung out of 
all proportion to the amount of air given. 
In these cases, presumably the pleura has 
been wounded by the needle and a trau- 
matic pneumothorax has developed. Fortu- 
nately, most of these are transient. If the 
pleura has already been thickened by an 
inflammatory process or if the intrapleural 
pressures were nearly' neutral or positive, 
the changes observed following perforation 
would probably be less marked than if the 
perforation had occurred while the intra- 
pleural pressures were still relatively nega- 
tive and before the pleura had become 
thickened. 

Case I illustrates a tension pneumo- 
thorax. The film of December 22, 1936 
revealed bilateral pneumothorax without 
displacement of the mediastinum, whereas 
the fluoroscopy of 3 a.m. on December 23, 
1936 revealed “almost complete collapse of 
the right lung.” 

Observations to be comparable have to 
be made in the same phase of respiration 
because, normally’ in pneumothorax, on 
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expiration there is a tendency to distort the 
mediastinum to the opposite side, ^Yith its 
return on the succeeding inspiration. 

In attempts to localize the site of a 
fistula after thoracoplasty, we have in- 
jected an opaque medium, such as sodium 
iodide or iodized oil, into the empyema 
pocket, turned the patient on his opposite 
side and taken a film after a few minutes, 
and have found the opaque medium in the 
tracheobronchial tree. 

Thoracoscopy. In our hands this has 
been valueless to determine the presence of 
a fistula. However, in a few instances it has 
been of value in determining the site of a 
fistula when its presence is already known. 
We have had no experience with the treat- 
ment of a fistula by thoracoscopy although 
instances of its successful use appear in the 
literature.^^’^® 

TREATMENT 

Treatment consists not in treating the 
fistula per se, but in treating the complica- 
tions. In many instances, such as puncture 
of a lung with a needle, no treatment 
is indicated; also, this is true in other 
small or intermittent communications. 
Undoubted!}' many of the small fistulas 
heal spontaneously. 

The complications requiring treatment 
are: (i) tension pneumothorax, (2) drain- 
age of pleural fluid into the bronchial tree, 
and (3) infection of the pleural space 
by (a) tubercle bacilli, or (b) pyogenic 
organisms. 

Treatment may be divided into (a) 
immediate and (b) delayed. Immediate 
treatment may be needed to control any of 
the above complications, but once they are 
controlled, all treatment is concerned with 
the condition of the underlying lung and 
pleura, which are the important factors. 
The lung is frequently heavily infiltrated 
and almost all constant fistulas are asso- 
ciated with an underlying empyema which 
will heal only by obliteration of the pleural 
space. When a fistula is present, the chance 
of re-expansion is slight. Accordingly, all 
treatment is based upon the fact that the 


patient will probably come to thoraco- 
plasty if his condition warrants, as this is 
the only form of treatment which ade- 
quately controls the pulmonary disease, the 
empyema and the fistula. 

Tension Pneumothorax. This may be 
described as a condition in which, during 
ordinary respiration, intrapleural pressures 
are at all times positive. This is frequently 
due to a ball-valve fistula which will allow 
air to pass into the pleura but not out. If a 
tension pneumothorax develops, the pa- 
tient and surgeon may be presented with 
an emergency which, if not relieved, causes 
death. There is usually time for an ,v-ray or 
fluoroscopic examination, although Barn- 
welF records an instance of the patient 
dying during the trip from the fluoroscopy 
room. He strongly warns against taking 
time for .v-ray in critical cases. The diag- 
nosis is best made and combined with 
treatment by taking the intrapleural pres- 
sures and withdrawing air until the dysp- 
nea is relieved or until the intrapleural 
pressure on inspiration is down to minus 
10 cc. of water. Sometimes when a physi- 
cian sees such a patient, he is in extremis. 
Air should be withdrawn, without delay, by 
any needle and syringe even if there is no 
manometer handy. Failure to aspirate 
promptly has cost man}'^ a life. Once the 
dyspnea is relieved, there is time to plan 
further treatment. It should be mentioned 
that frequently the pressures build up 
quickly again, requiring repeated with- 
drawals of air. In such an instance, a fairly 
effective safety valve ma}^ be made b}' 
taking a No. 18 gauge needle and grinding 
down the point until blunt. This is then 
passed through a thin cork. The needle 
is then inserted into the pneumothorax 
pocket near its upper point and the cork 
strapped to the chest. The needle is ad- 
justed so that the point is barel}' within the 
pleura. One of two things may be done: 
(i) A finger from an old surgical glove may 
be tied over the end of the needle and the 
end of the finger opened; or (2) a tube may 
be connected to the needle and led to a 
sterile flask containing a mild antiseptic. 
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Till’s (lask should be a foot or two below the removed. Within the next few davs, and 
level of the patient and the end of the tube before fluid has had time to reform” drain- 
should be I to 2 cm. below the water level, age should be performed. It is simple and 



Fig 5 . Fig. 6. 

Figs, j and 6. Case i\'. Tuberculous empyema, right. Figure 6 shows tlie spread of disease in the 
opposite lung whicii followed the development of a bronchopleural fistula on the right, with 
expectoration of fluid. 


Either method will prevent the building up 
of a high positive pressure as long as the 
needle is not blocked by clotted Hood or 
serum. Care has to be exercised to see that 
the needle is not blocked and that it does 
not become loosened and displaced out of 
the pleural cavity. 

Drainage of Pleural Fluid into the Bron- 
chial Tree. Wherever there is purulent 
pleural fluid draining through a bronchus, 
there is always the possibility of seeding 
tubercle bacilli to the same or opposite 
lung. In addition, even in those cases in 
which spread does not take place, there is 
the constant annoj'ance with disruption of 
sleep by the continued coughing up of 
small amounts of pleural fluid. These per- 
forations are usually in the upper portion of 
the lung and manifest their presence only 
when the patient lies down and the opening 
comes below the fluid level. Immediate 
aspiration should be done and all fluid 


usually adequate. It is not safe to depend 
on repeated aspiration to keep the pleural 
cavity empty. Case iv illustrates this point. 

Case iv. Mr. L. K., a man of 50, had a 
pneumothorax on the right induced August r i, 
1937. Following two pneumonolyses he devel- 
oped fluid which became positive for tubercle 
bacilli eight months later. ^Vith the appearance 
of the fluid the cavity could not be seen and the 
sputum became temporarily negative. To con- 
trol the tuberculous empyema, oleothorax v as 
begun in November 1938, and by the twenty- 
eighth of the month (Fig. 5) fluid and oil had 
risen to the third rib and fluid formation had 
apparently ceased. On Januar}' 2, 1939, the 
patient suddenlt" coughed up a large amount of 
fluid which contained gomenol. All pus and oil 
were aspirated and on January $ there was no 
fluid remainmg in the cavitv. However, fluid did 
reform and on Januarj" 23, 1939, there was a 
spread to the left lung. (Fig. 6.) ^^^ith repeated 
aspirations the patient de\-eloped a pleuro- 
cutaneous fistula. Intercostal drainage was 


Ni w SiHUb Voi LIV. No 


Woodrufl — Bronchopleural Fistula Amirtc.in Journal of Surgery 


finally performed. Later, rib resection was 
necessary. He has never since been in shape for 
thoracoplasty. 



ated. When there is no fistula, there is a 
choice of re-e.xpansion of the lung or of 
thoracoplasty, depending upon the condi- 
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Fig. 7. Fig. 8. 

Figs. 7 and 8. Case iii. Figure 7, tuberculous empyema, right, three days following positive diag- 
nosis of perforation but probably more than two weeks after the occurrence of tlie initial leak. 
First-stage thoracoplasty was performed the following d.ay. Figure 8, one year later. 


It would seem that if he had had inter- 
costal drainage when the perforation first 
occurred, he might never have had the 
spread to his left lung. Had his perforation 
been smaller, there would have been less 
likelihood of his disease spreading. 

Infection of the Pleinal Space. It has 
been shown earlier in this paper that in 
almost every instance of fistula there is a 
tuberculous infection of the pleura but 
secondary organisms cannot always be 
demonstrated. Although tuberculous infec- 
tions can be very virulent, usually they are 
less severe than the mi.xed infection empy- 
emas and their mortality rate is approxi- 
mately one-half of the latter, ^^’e shall 
discuss separately the treatment of (a) 
tuberculous empyema and (b) mixed infec- 
tion empyema. The discussion will be 
limited to general principles. 

la) Tuberculous Empvema. The author 
has previously outlined his theories on the 
treatment of tuberculous empyema.^® In 
general, the pleural space must be obliter- 


tion of the lung. In the presence of a fistula 
the possibility of re-expansion is very slight 
and thoracoplasty should be done as soon 
as possible. In the majority of instances, 
drainage is contraindicated unless the 
fistula is large enough to allow flooding of 
the bronchial tree, or unless the tuberculous 
process is extremely virulent. In such in- 
stances it should be treated as a mixed 
infection. Early obliteration of the space 
will frequently forestall mixed infection 
empyema with its long, trying period of 
toxemia, and in many instances it will be 
possible to proceed with thoracoplasty as 
soon as the fistula manifests itself. When 
possible, this is ideal treatment. In Case iii, 
previously mentioned, this was possible. 

Mr. C. C., age 27, was a patient of Dr. John 
Hayes, at the Sanatorium Gabriels. Pneumo- 
thorax on the right was begun February 10, 
193S. It was not entirely successful and a 
phrenic was added on March 26. 1938. The 
pneumothorax was still ineffective and accord- 
ingly was discontinued on .A.pril 29. During this 
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short pneumothorax, fluid had developed and 
tubercle bacilli were found. It became frank pus 
by June, 1938, and re-expansion was attempted 


of air. However, three days later the pressure 
was again positive. Positive diagnosis was not 
made until July 21 when during the irrigation 



Fig. 9. Technic of introducing intercostal tube. The position of the patient is shown in 1, as well as the site 
of aspiration. We aspirate from below upward until the pocket is tapped at its lowest point. In i and 2 
it is seen that there are two dry taps before the pocket is entered. When the pocket is entered, the thickness 
of the thoracic wall is measured on the aspirating needle by clamping it with the hemostat (2). Several 
additional eyes are cut in the catheter. From the proximal eye a distance is measured equal to the thickness 
of the chest wall (3). This point is marked by nicking the wall of the catheter, care being taken not to go 
into the lumen (ql. After the catheter is marked, the trocar is inserted. The skin is held taut with the left 
hand and the point selected is nicked with the scalpel (5), The trocar and cannula arc then introduced (6). 
The trocar is removed, the gush of pus being controlled by the thumb (7). The previously prepared 
catheter is inserted for a further distance than is necessary (8). The cannula is withdrawn, the tube being 
held in place by a hemostat, and the catheter is then withdrawn until the mark previously made in 4 is now 
at the skin margin (o). A s;ifety pin is passed through the catheter at the site of marking and is fastened 
to the skin by adhesive straps as described by John Ale.\ander (10-17). It keeps the field cleaner if the tube 
is kept clamped throughout this stage. 

Placing a safety pin directly through a catheter is a disadvantage wherever closed system drainage is 
necessary, as there is alw.ays leakage. Accordingly, when catheters have to be changed, it is simple to insert 
a catheter with .a collar on it. The safety pin is then put through the collar. The method of slipping on the 
collar is illustrated in 18. A bit of tubing, the same size as the catheter, is taken. The end of the catheter 
is grasped by a hemostat and the catheter stretched. The collar will then slide easily to any point. It w ill 
not slip and the tube will not leak. 


preliminary to thoracoplasty. During the re- 
expansion the patient had pleural lavage. 
During July a highly negative pressure was 
obtained, air and fluid being withdrawn to 
maintain it. The first suggestion of a possible 
leak occurred on July 12 when the Initial pres- 
sure was plus 6. plus 8. It was brought to 
minus 24, minus 18 by the aspiration of 450 cc. 


of the pleural cavity the patient started to 
cough and raised sputum colored with gentian 
violet. The following day his temperature 
reached io2°f. Plans were made for immediate 
thoracoplasty and this was carried out on July 
25. Immediately preceding collapse, the pleural 
cavity was emptied by aspiration anteriorly. 
(This is quite important because, unless the 
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pleural cavity is emptied immediately before 
the patient goes on the table, it is possible to 
have a spill of a large quantity of infected 
fluid into the opposite lung.) His convalescence 
was uneventful. He is now well and working. 
Figure 7 was taken three da3's following the 
positive diagnosis of perforation but probabH 
more than two weeks after the occurrence of the 
initial leak. Figure 8 shows the patient’s con- 
dition on Jul}' 17, 1939, ten months following 
completion of his thoracoplasty' with obliter- 
ation of the pleural space and no evidence of 
the presence of fistula. 

(b) Mixed Infection Empyema. The 
treatment here consists of adequate de- 
pendent drainage, supportive treatment 
and rvaiting until the patient is in shape for 
thoracoplasty. In the presence of a fistula, 
irrigation wfith various antiseptics has to be 
used with the greatest caution and is of 
limited value. 

The technic of drainage merits discus- 
sion. It is well recognized that in the treat- 
ment of empyema the drainage tube should 
be put into the dependent portion of the 
chest. However, if it is put in posteriorly, it 
is uncomfortable for the patient to lie upon. 
In tuberculous empyema with fistula there 
is another factor in choosing the site for 
drainage. That is that thoracoplast}' will 
probably' be necessary'. Accordingly', it is 
advantageous to keep the site of drainage 
away from the site of the thoracoplasty 
incision so that contamination may be 
postponed as long as possible. Therefore, 
the site of election for drainage is slighth' in 
front of the midaxillary line at the lowest 
possible interspace at which pus can be 
aspirated. When the drain is introduced in 
this position, it is possible to empty the 
pleural space completely by having the 
patient sit up and lean to the side being 
drained. With a drain in this position, it is 
not difficult to keep the thoracoplasty 
wound uncontaminated through the upper 
stages. 

Drawings (Fig. 9) made from photo- 
graphs taken during the insertion of a tube 
in Case 11 illustrate the author’s method of 
procedure in all cases of tuberculous empy- 


ema requiring drainage. In many instances 
this is adequate. In other cases there will be 
much pain from pressure on the intercostal 
nerve above. To give relief it is necessary to 
block the nerve. The author prefers to com- 
bine this with the resection of about one and 
one-half inches of rib at the lowest portion 
of the pocket in the mida.xillary' line. Por- 
tions of the same intercostal nerve and the 
one above are taken and the wound closed 
around the tube. Over a period of time the 
w'ound will heal tightly around the tube. 
When there is no expectation of further 
treatment and when the patient -will con- 
tinue to drain indefinitely', it is possible to 
make a larger opening and invert the skin 
edges. Once such a wound is healed, no 
tube is needed and the patient can get 
around with the use of a pad. 

Grateful acknowledgment is made to Mrs. 
Madge Vorwald for the illustrations of the 
technic of intercostal drainage and to Mr. 
Frank Bucci for taking the photographs which 
formed the basis for the illustrations. 
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BENIGN LESIONS AT THE LOWER END OF THE 

ESOPHAGUS 

Howard K. Gray, m.d. and Wendell S. Sharpe, m.d. 

Division of Surgery, Mayo Clinic Fcflovv in Surgery, Mayo Foundation 

ROCHESTER, MINNESOTA 

CARDIOSPASM nciiromuscular control of the sphincter. 

A CHALASIA and cardiospasm arc two Ochsner and DeBakey ha\'e suggested a 
yY of the most commonlj' used terms chronic deficiency of vitamin b as the cause 
referring to the dilatation and of this degeneration. Some authorities have 
hypertrophy of the esophagus and spasm of based their impression of the causation of 
the musculature of the cardia. Passage of cardiospasm on the presence of a cardiac 
food norn’iaUy from the esophagus to the sphincter; yet others have demonstrated as 
stomach is partially or completely blocked; convincingly its absence. Sauerbruch and 
yet in most instances no true mechanical Haccker, in 1906, suggested that the crura 
obstruction can be demonstrated. A few of of the diaphragm acted as a vice, constrict- 
the many other terms used are phreno- ing the esophagus. 

spasm, mega-esophagus, preventriculosis, Pathology. There are definite pathologic 
hiatal esophagismus, simple ectasia of the changes associated with the disease. The 
esophagus and esophagectasia. esophagus actually may be lengthened, but 

Willis described the s^mdrome in 1674, it is characteristically dilated and its walls 
followed by Hoffmann in 1733. Porton are thickened. Lambert described three 
probably reported the first case in 1821 and typical shapes of the esophagus: (r) 
since then the multiplicity of terms to fusiform, (2) flask-shaped and (3) sig- 
describe the disease, of hypotheses concern- moid-shaped. Some cases of ulcerative 
ing its cause and of methods to effect its esophagitis at the diaphragmatic level have 
cure well indicate the highly controversial been noted. 

nature of the syndrome. Symptomatology. The characteristic 

Etiology. The pathogenesis of the dis- symptoms of the disease are dysphagia, 
ease is unknown. Many hypotheses hav'e regurgitation and epigastric pain. At least 
been advanced, but the one suggesting Rt its inception the majority of the patients 
autonomic imbalance seems most accept- are emotionallj' unstable, with man}' com- 
able. Cardiospasm in cats can be produced, plaints other than those referable to cardio- 
according to Knight, and Knight and spasm. Plummer described three stages in 
Adamson, by bilateral section of the vagus its clinical course; (i) cardiospasm without 
nerves. The development of the obstruction regurgitation of food, (2) cardiospasm with 
can be forestalled by immediate removal of immediate regurgitation of food and (3) 
the sympathetic fibers and, if obstruction cardiospasm with a dilated esophagus and 
already has occurred, relief may be ob- retention of food in the dilated part. It 
tained by sympathectomy. Syrapathec- apparently makes little difference if the 
tomy on human beings, however, as ingested food be solid or liquid. In the early 
reported by Ochsner and DeBakey, and stages regurgitation is prompt and partial 
Skinner and one of us (H. K. G.), has not and there is no marked loss of weight. As 
been satisfactory. Rake demonstrated de- the tone of the esophagus decreases and 
generative changes in the ganglion cells of dilatation ensues, regurgitation may be 
Auerbach’s plexus at the lower end of the delayed for hours and the emesis may be of 
esophagus, suggesting an alteration in the retention character. The pain is usually 
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subslernal, usually occurs immediately on 
ingestion and swallowing of food and usu- 
ally is referred upward to the throat. 
Dysphagia and pain may occur long before 
the onset of regurgitation. 

Therapy. The treatment of cardiospasm 
has been reviewed in recent articles by 
Skinner and one of use (H. K. G.) and 
Ochsner and DeBakey, among others. The 
former authors mentioned 1,200 cases of 
cardiospasm encountered at the Alayo 
Clinic, with svirgical treatment necessary in 
but seven instances. Moersch, in 1933, 
reported 810 cases from the same clinic, 805 
patients having been treated conserva- 
tively by dilatation from above. Seventy- 
one per cent of the 670 patients traced were 
well. If the dilatation of the esophagus is 
sigmoid-shaped as noted by Lambert, 
surgical treatment may be necessary in 
order to obtain relief. 

Ochsner and DeBakey divided the vari- 
ous types of radical surgical operations into 
four groups: 

1. Operations directed at the dilated 
esophagus: (a) Excision of the wall, (b) 
esophagoplication and (c) esophagostomia 
thoracica. These procedures usually proved 
to be unsatisfactory. 

2. Operations directed at the cardia: 
Such operations seem more rational. In the 
cases collected by Ochsner and DeBakey, 
the results from retrograde and transgastric 
dilatation arc no better than those reported 
for more conservative treatment. Cardio- 
myotomy and cardioplasty are two of 
various plastic procedures on the cardia, 
and in the collected cases, gave favorable 
results. Esophagogastrostomy seems the 
most rational and in the hands of experi- 
enced operators gives good results. The 
transpcritoncal route has been found to be 
preferable to the transpleural route and in 
most instances should be used. More than 
90 per cent of the patients in the col- 
lected cases report good results from 
esophagogastrostomy. 

3. Operations directed at the diaphragm : 
Phrenicotomy and phrenico-exercsis have 
been done, with uniiormly poor results. 


4. Operations directed at the nerve sup- 
ply: These operations were suggested by 
the assumption of some derangement in the 
autonomic balance. Vagotomy and sym- 
pathectomy seem to be most popular. The 
results have not been as encouraging as 
those from esophagogastrostomy. In the 
collected cases of Ochsner and DeBakey, 
seven recurrences, three deaths and only 
one satisfactory result were noted. 

EPIPHRENAL DIVERTICULA 

Diverticula of the esophagus in various 
portions of its length are fairly common. 
They are best classified by their anatomic 
position and may be divided broadly into 
three groups: (i) the pharyngo-esophageal, 
(2) the epibronchial and (3) the epiphrenal 
or supradiaphragmatic. These may be 
either true diverticula or false, depending 
on whether there is protrusion of all coats 
of the esophagus or merely herniation of 
the mucous membrane with its submucous 
coat. Another well known method of 
classification is that of dividing the diver- 
ticula into two types: fi) the traction type, 
represented by the epibronchial group and 
occurring at the level of the bifurcation of 
the trachea; (2) the pulsion type, repre- 
sented by both the esophagopharyngeal 
group, located at the hypopharynx, and the 
epiphrenal group, located at the cardia. 

The pulsion supradiaphragmatic diver- 
ticula occur in the lower third of the 
esophagus, usually because of a congeni- 
tally weakened esophageal muscular wall. 
Many authors (Raven) have expressed the 
opinion that cardiospasm is frequently 
associated with these diverticula. They 
occur much less frequently than either of 
the other types, Granet collecting only 
forty-nine cases in 1933, and Vinson report- 
ing twenty-four more from the .Mayo Clinic 
in 1934. Scattered reports of epiphrenal 
diverticula have appeared since, usually 
included in the larger group of esophageal 
diverticula, most of which were epibron- 
chial in character. 

Ludlow reported “preternatural pockets” 
in the esophagus in i~64, but the first 
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reference to epiphrenaf diverticula was 
made by DeGuise in 1833, and roentgeno- 
graphic diagnosis is mainly responsible for 
the discovery of most true cases of supra- 
diaphragmatic diverticula. 

Etiology. The causation of these diver- 
ticula is not known. They are of the pulsion 
type and the location of the weakness and 
character of the opening into the sac led 
Carman to suppose that the majority were 
congenital. Along with this congenital 
weakness in the esophageal coat, two 
further factors may aid in the enlargement 
of the sacs, once they are formed: (i) the 
positive intra-esophageal pressure during 
swallowing and (2) the negative intra- 
thoracic pressure. They usually present on 
the right side, and this is explained b}' the 
anatomy involved (Dessecker). Since the 
esophagus curves to the left in its lower 
third to reach the stomach, the impetus of 
food boluses may be borne by the outer, 
lower right side of the curve. Once started, 
the diverticula usually enlarge in a down- 
ward direction, toward the right. 

Symptomatology. The symptoms are 
vague and insidious. A feeling of epigastric 
pressure may precede more pronounced 
symptoms by months. The cough attending 
epibronchial diverticula is usuallj'- lacking. 
The actual symptoms depend on the 
gradual increase in size of the sac. The3' 
may be rendered vague by co-existent 
achalasia. When a large diverticulum is 
encountered, substernal pain, dj'sphagia 
and vomiting of retention are marked. 
Since the neck of the sac is narrow, the 
usual complaint is that of vomiting decom- 
posed food, often ingested daj's before. 
Often such regurgitation interferes with 
sleep and is rather characteristic of these 
sacs. Such putrefaction and stasis cause 
inflammation of the sac with increased 
severit}' of symptoms. Emaciation is usu- 
ally marked in well advanced cases. Large 
diverticula may occlude the esophagus bj- 
pressure. The diagnosis is rendered usualK* 
b^' roentgenologic e.xamination. 

Treatment. The location of the sac usu- 
ally makes conservative treatment impera- 


tive. Often treatment by occasional lavage 
from above in mild cases is sufficient. 
Dilation of the esophagus with bougies is 
attended with success, especially if there is 
attendant cardiospasm. Extirpation of the 
sac by surgical means is difficult and im- 
poses considerable risk because of the great 
probabilit}^ of soiling the mediastinum or 
the pleural space or both. In 1933, Lahey 
first reported a conservative plan of treat- 
ment surgicalljf in those cases in which the 
size of the sac demanded such intervention. 
He suggested fixing the dome of the freed 
sac high in the pleural gutter so that it 
parallels the esophagus with its neck and 
opening pointing downward. The hazard of 
pleural contamination and mediastinitis is 
averted, and food passes readilj^ bjf the 
opening unless the patient is in the Tren- 
delenburg position. In four such cases the 
patients were treated in this manner at the 
Lahej' Clinic. Turner^^ has suggested invert- 
ing the diverticulum into the lumen of the 
esophagus and suturing it in this position. 
The avoidance of pleural and mediastinal 
soiling has been accomplished by the 
method described b}' Lahej'. Subsequent 
examination is stated to have shown that 
the sac of the diverticulum that protruded 
into the esophagus in most instances had 
undergone atrophy after a short time and 
was represented by a small structure that 
was of no anatomic or clinical significance, 

ESOPHAGEAL VARICES 

Esophageal varices depend for their 
development both on the obstruction of the 
portal and lienal veins and on the poor 
support rendered by the loose connective 
tissue of the submucosa of the esophagus. 
The inherent dangers of such varices lie in 
their tendency to bleed and their inaccessi- 
biiitj' for treatment. Meindoe, Preble, 
Rivers and Wilbur have emphasized the 
frequencj' with which fatal hemorrhage 
attends these varices. 

Etiology. The causation of the lesion is 
not clear, for the conditions most often 
associated with it, that is, Banti’s disease 
and cirrhosis of the liver, do not present 
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clear-cut clinical entities. Kegaries and 
Meindoe have well demonstrated both the 
anatomy and the physiology of the region. 
When the portal s^^stem has become ob- 
structed, an effort is made to establish 
collateral circulation and the esophageal 
veins, because of the connection with the 
coronary vein and vasa brevia of the 
cardia, dilate and protrude into the lumen 
of the esophagus. Varices may be shown to 
be present in conditions other than the two 
alreadv mentioned; vet the threat of 
hemorrhage has been found to be less 
apparent. Varices of the esophagus maj' be 
found in patients who have goiter, follow- 
ing trauma or severe esophagitis. In splenic 
anemia it is thought that the explanation of 
the development of varicose veins of the 
esophagus lies in the connection of the 
spleen and cardiac portion of the stomach 
by the vasa brevia. 

Diagnosis of the lesion was made much 
simpler and more accurate by the report of 
Wolf, in 192S, describing a method of 
demonstrating the varices roentgenologi- 
cally. The technic has been steadily im- 
proved and perfected as described by 
Schatzki. Kirklin and Moersch, in 1931, 
called attention to the value of combining 
esophagoscopic and roentgenologic exam- 
inations to determine the extent of the 
lesion. 

Treatment. Treatment of the varices 
mav be either conservative or surgical. 
Conservative measures imply protection of 
the varices from trauma by bland, non- 
irritating diet, while one attacks the under- 
lying cause. Minimal exercise to avoid 
strain and sudden increase in blood pres- 
sure and avoidance of the use of the 
stomach catheter are important. Drenck- 
hahn suggested venesection to decrease the 
viscosity of the blood. 

Surgical measures may be directed (1) 
toward removing or sclerosing the varix, 
(2) toward reducing as far as possible the 
amount of blood entering the portal sys- 
tem, (3) toward establishment of new 
and less dangerous collateral circulation 
and (4) toward ligation of those routes 


already established and contributing to the 
varices. 

The direct removal of the varices is 
dangerous and unsuccessful. Moersch and 
others have attempted injection of a 
sclerosing substance into the ^'arix but this 
method has not been performed in a 
sufficient number of cases to warrant 
definite conclusions being drawn. Moersch 
is inclined to believe that this method 
should be performed in conjunction with 
one of the other methods, preferabl}’^ 
splenectomy. 

Splenectomy has been performed for 
Banti’s disease for years. It diminishes the 
total blood volume entering the portal 
system by about 25 per cent (Drenckhahn) 
and changes the route of the major portion 
of the blood that formerly passed through 
the vasa brevia. Recurrent hemorrhages 
from splenectomy alone are reported at 
50 per cent by Pemberton. Walters, 
Moersch and McKinnon have reported 
eighty cases of splenic anemia in which 
treatment was by splenectomy alone, in all 
of which bleeding was present preopera- 
tively. In thirty-three of these there was 
recurrent hemorrhage. 

The establishment of collateral circula- 
tion may be attempted by omentopexy. 
The denuded peritoneal surface after 
splenectomy may offer similar relief. Such 
methods have not been uniformly success- 
ful and have been combined usually with 
ligation of the coronary vein or even 
splenectom3\ 

Ligation of the coronary vein and of the 
vasa brevia of the cardia in conjunction 
with splenectomy is a method of interrupt- 
ing the collateral routes contributing to the 
varices. Few cases of ligation of the 
coronary vein alone have been reported 
and its value as A'et is undetermined. 
Splenectomy combined with such ligation 
or with omentopexy does not prevent 
recurrence of bleeding from the varices in 
more than 38 per cent of the cases (Walters 
and others). 

From a review of the literature it would 
seem that the most promising treatment. 
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the value of which is still undetermined, is 
the injection of the varices by means of the 
esophagoscope, in conjunction with an 
attempt to bring the underlying cause 
under control. The combination of such 
esophagoscopic treatment with splenec- 
tomy' seems to offer the best chance of 
avoiding fatal hemorrhage. 

ATRESIA 

Congenital atresia of the esophagus 
occurs rarely, and then often in association 
with some other anomaly of the gastro- 
intestinal tract incompatible with life. 
Lanman reported thirty-two cases from the 
Children’s Hospital in Boston in 1940, and 
stated that he believed the total number of 
reported cases would not exceed 300. 
Rosenthal described the embryology fully 
and Strong and Cummins, Vogt and others 
have classified the various types of atresia 
encountered. 

The classification suggested by Vogt is 
excellent if one is to understand and inter- 
pret the symptoms and direct attempts at 
surgical repair. He suggested three types: 
In type i there is complete absence of the 
esophagus. In type 2 both upper and lower 
segments end blindly and without tracheal 
communication. Type 3 he divided into 
three varieties: type 3 a, in which the lower 
segment is blind, the upper communicating 
with the trachea; type 3 6, in which the 
upper segment is blind and the lower com- 
municates with the trachea; and type 3 c, 
in which tracheal fistulas are caused by 
both upper and lower segments. All these 
varieties are rare, but by far the most 
common is type 3 b. 

Symptomalology. The symptoms are 
characteristic. Attacks of choking and 
cyanosis are present from birth and are 
much aggravated by offering milk or water. 
Depending on the type of anomaly present, 
regurgitation or choking and coughing pre- 
dominate. Diagnosis is accomplished by 
the history and made certain by roentgeno- 
graphic procedure. Contrast media should 
not be used because of the danger of 
aspiration. A small, soft nasal catheter mav 


be introduced to determine the extent of 
the upper segment. A small leaden tip may 
be helpful. Again the type of anomaly will 
be suggested by the presence or absence of 
gas in the stomach. 

Trealment. The treatment of the condi- 
tion is necessarily surgical, and the time- 
honored method is by gastrostomj'. This 
method is only palliative and the patient 
w'ill not survive if the usually existent 
fistula is not repaired. As 3'et there is no 
uniformly' successful method of approach 
to repair the tracheo-esophageal opening. 
Richter suggested direct attack on the 
posterior mediastinum twenty-eight j'ears 
ago. Extrapleural and transpleural ap- 
proaches are time consuming and the 
mortality as yet is verj' high. The treat- 
ment of the upper and lower segments is a 
controversial subject. Direct anastomosis 
of the two segments is the ideal method. 
Lanman expressed the belief that the fistula 
should first be closed if direct anastomosis 
is impossible. This is then followed by 
exteriorization of the upper segment and 
anterior gastrostomy to prevent aspiration 
of the overflow secretions and allow feeding. 
Further construction of an artificial ex- 
ternal connection between the esophageal 
stoma and the gastric stoma can be de- 
layed. Undoubtedlj', improvement in tech- 
nic of approach and exposure, whether 
transpleural or extrapleural, %vill brighten 
the outlook for future success. 

BENIGN ULCERS OF THE ESOPHAGUS 

Benign discrete ulcers of the esophagus 
are more common than ordinarily believed. 
Thej' have a predilection for the lower third 
of the esophagus and may often be con- 
fused with gastric disease. Rivers found 
that 45 per cent of his patients who had 
esophageal ulcer gave a histor\' of peptic 
ulcer. Jackson, b^' esophagoscopic examina- 
tion, found in 4,000 cases only twenty-one 
peptic ulcers, but noted scars of sixty-seven 
others. 

Although Butt and Vinson expressed the 
opinion that it is merely a phase of acute 
ulcerative esophagitis, benign ulcer of the 
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esophagus, exclusive of specific infection, 
may be classified as traumatic or inflamma- 
tory. The traumatic ulcers may be caused 
by foreign bodies, instrumentation, de- 
cubitus, or burns (corrosive). The inflam- 
matory ulcers may be associated Avith 
peptic ulcer or with infectious disease. 

The ulceration that follows lodgment 
and pressure by foreign bodies, instru- 
mentation or the swallowing of caustic and 
corrosive substances can be understood. 
The cause of simple ulcer with no such 
traumatic factor is unknown. The inflam- 
matory process surrounding esophageal 
ulcer is similar to that attending the gastric 
or duodenal ulcer so often also present.' 
The hypotheses advanced for the causation 
of acute esophagitis are applicable here. 
Regurgitation of acid contents of the 
stomach, heterotopic gastric mucosa, and 
infection from the buccal cavity are un- 
doubted factors. Often an ulcer attends 
congenital shortening of the esophagus; 
often it is a sequel to acute or chronic 
esophagitis; often it precedes stricture and 
attends congenital stenosis and hiatal 
hernia. 

Symptomatology. Dysphagia and pain 
are usually early symptoms, not to be dis- 
tinguished from those of esophagitis. Pain 
is usually substernal, made worse by swal- 
lowing and referred directly through to the 
back. Cardiospasm may be present almost 
with sphincteric action. Esophagitis usu- 
ally is associated, and may be part of the 
disease, as suggested by Butt and Vinson. 
Pain referred to the back may suggest a 
coincident hiatal hernia or congenitallv 
short esophagus with thoracic stomach. 
Regurgitation is common but bleeding is 
less so. The distress may be relieved by 
alkalis or aggravated by the prone position. 
Odynophagia is common, and dj'sphagia 
may become worse if cicatricial stenosis 
occurs. Diagnosis is usually made, or 
confirmed, by esophagoscopic examination. 

Treatment. The treatment cannot be 
specific. The general condition of the 
patient must be improved and the sources 
of infection in the mouth and throat 


removed. A trial of medical management 
similar to that for peptic ulcer must be 
instituted. Application directly through the 
esophagoscope of 10 per cent solution of 
silver nitrate or chlorlyptus oil has been 
recommended by Patterson."^ Often the 
cardiospasm and stenosis will be benefited 
by dilatation from above by bougies. 

Occasionally, severe and recalcitrant 
ulceration will require gastrostomy^ to put 
the esophagus completely at rest and allow 
adequate intake of vitamins and calories. 
Many of these patients approach avita- 
minotic states because of their prolonged 
and enforced partial fasting. Adequate 
quantities of all vitamins should be ensured. 

STRICTURE 

Stenosis of the esophagus may occur 
either because of lesions in the esophageal 
wall or because of extrinsic pressure. This 
latter type usually occurs in the lower third 
and has been referred to as compres- 
sion stenosis. Cardiac enlargement, hiatal 
hernia, lymphadenopathy and aneurysm 
are a few factors in the production of the 
condition. It may be the first sign of the 
presence of the underlyung disease. Dys- 
phagia is the primary and distressing 
symptom. Diagnosis is usually difficult, but 
aid can be obtained by roentgenologic 
examination of the chest and even by 
esophagoscopic examination. Treatment is 
that of the underlying lesion, with gastros- 
tomy if necessary to combat starvation. 

Etiology. There are many causes of the 
esophageal stricture due to inflammation 
or trauma of the esophageal wall. Turner^" 
included a description of a specimen of 
esophageal stricture quoted from Bell’s 
“Surgical Observations” of 1816-1818. 
Barclay demonstrated that stricture may 
result from any inflammatory reaction in 
the esophageal wall. Caustic substances are 
well known agents; yet both Turner and 
Vinson^^'^® stated that discrete foreign 
bodies rarely cause stricture, even if 
ulceration has occurred. Peptic ulcer of the 
esophagus, in healing, may exert a cicatri- 
cial influence; yet Vinsom^ expressed the 





OCT' 


OBC'T' 


19 '' 


8 






iou 




o15bt6- 


.tT^ 


t\vat su^%v a\so e ' \vave 

\3evv^‘ } c.tt'vc.'t'i^ -^ns 

esoP^!icrnatvc5- ^v,e ^ 


cVv 

dV a\so 


, S\\atp® 
Gra:?’ ^ 

PtV 

ca^iS® ? \ne 


,\iagea 


A 


Ao^s 


CO’ 


.-••issSi* 


.«•>* *!,,inaeZ'd v>* L;^„t\S 


de- 


T<'«''r«rseA 


oS 


t\ve 


t\\teac 
sctV 


vtv 


nv 


fAvvcVv 

-vAtA^S 


oA ? 


,teSa‘^ 


tAvc 


2:eu»°r'^2eWU 'lAdc«'»r- o( T''! Sv Sor ff 




seN 






B\c«; be 9«'”^^e to ? 


&eta0 


^Aortoa^ A 

sw'awr„ „! 


"»*''”3e 


eso?''-!::*.;, '■''Sdceva'^:. "„( *e case^„„,\e«J,-, co« 

5-4i^i'S5"SS^' ‘*SA‘3*-''^3“^- ”"''• ‘ 


agta'- 


A 

atv^ 

cota^‘‘“ reto- 

-rdeta « ^ea' 


ta^ 


,toop 


\s?' 

to 


abat 


sta^'', 




cotaD'^'' ptoAoafe^ 
dnaS'- Iboee ‘°' 


?0t 


a^' ai 

- ^ sfe S'rJ i, sSfiSSSSiSSs 


its 

daac® 

,ttos^ 


aT^“'K2 




cases 
caose 


oA 


tb^s 


?;rVat- "swteWS -^es O' Viasoa" "a sO'e'"4;,„et"a--.^„be.u.^ 

•"“«&»?,;*¥*• '::35kc;?s£S-rfs- 


oA 


i^utes -^;>Asea— de 

x.;rtnDC‘, t p 


betaga' VAas®^ Viagas 

esopbaS'^ ; tbe ^°?Acbba<^^° 
vetAOS^® oA'--''^'''^-o 6 tepo 

s^e^ . cetvt-) , r'rvsoia . i,.- 




o '"'?" ','? case® - „W6 Sf . ^ ea<o'“; i«al-. ;; pa'0";£ ?„ 

on«"?!:2else'«' t22a«a«A "' 


fd^aa 


,A 




deta' 


■vA) 


tb^s 


sU' 

iTvg 


.bich 




^VA 


sta^®l!\v to An 

teco' 


se 

,eata. '« 2'''^^=* *cda'""" "iastb 


sVYut-- ctcT’ - -^gX^ovT - Ytnfe.;^ Tae 

anb ‘?ggAaT'^^?’'^’^|bebAs^®^^^^abtea^Set a^ 

Avspbag.\,’^a^tv.ba^^ enUfe^ catbeto^^^^ 


tbe Ao''' 

..oitSt .SS3S?s S“*«- 


AaAAe^' 

p\ast ' 
AAeAaaA 


caaso ^gses 

\l too'O J » 

%A£rss-?5iSi^^«-. 

sraSsiS ■Sssa^sirn* •”. 

';;:catd'-A.aot''‘= ,„«ro*ogS: 
seace o .^^„bat'0_„ „{ pe? Olaaop'a"'^’. 0*5"' '9^'.^^pB''® 


iCrt o( 'f ;^^soo’ 

b^sto ", otvA-. , g 


te- 

ot^ag 
tnaa- 


an 


bate. _ ,„bst-.^K.,a"„ -„jgese‘--^„aa - „e 

,seve«^°5pept« 

A vo-aoB'^aT 2SS' 

tboso oa\^ d^'S^bap • c sta ^^en ^^etnea^ ® d sncb A> ttac ^ 

^'"‘"ent A^ rAoaS J'^ttActat®’ ^^^^taAa b^ ^^aA ^ 

o^^'^'ted Ao^ ^ oA tbe st ^ade ee . .,opbaS^ 


^Tbe.^AaSao=-,a,tna^ T^d eso^a-g^v 


'A:be 

toea^^„,^ent. 


\s 


sta 


dAes 


ttea 


Xtne' 


nt 





Nuw Series Vol. LIV, No. i 


Gray, Sharpe — Esophageal Lesions AmericnnJoumai or surgery 259 


the esophagus impermeable to all known 
methods of dilation, and (3) of malignant 
stricture of the esophagus in which carci- 
noma has been removed successfully. 

ESOPHAGITIS 

The lower third of the esophagus is 
exposed to infection both by organisms 
from the mouth, throat and nasophar3mx 
and by regurgitation of gastric contents. 
Acute esophagitis is rather common as 
transient manifestation of the damage done 
bj' ingested caustics, alcohol or anj' trauma. 
Its occurrence as an agonal feature is shown 
by Bartels’ studj* of eightj’-two cases in 
6,000 postmortem specimens. Butt and 
Vinson found 213 cases of esophagitis in 
3,032 necropsies. 

Detailed descriptions of the various 
kinds of esophagitis are easilj’^ available. 
Acute and chronic catarrhal esophagitis; 
follicular, diphtheritic, phlegmonous esoph- 
agitis; and esophagitis due to specific 
organisms of tuberculosis, syphilis and 
fungal infections, all are seen but rarelj'. 
More common is acute ulcerative esopha- 
gitis, the cause of which is uncertain. 

Etiology. Butt and Vinson expressed 
the belief that the trauma of intubation, of 
vomiting or of the two combined is impor- 
tant. In 46 per cent of their cases an 
inK'ing nasal catheter had been associated 
with vomiting. Bloch reported an even 
higher percentage; eleven of seventeen 
patients who had acute esophagitis had 
been intubated. The frequency' of the 
association of peptic ulcer and acute 
esophagitis is well known. Penner and 
Bernheim expressed the belief that most 
acute esophagitis is an agonal episode, 
produced by shock. The poor circulation 
and weak submucous and muscular struc- 
ture of the esophagus favor embolism and 
thrombosis and these maj’ plaj’ a part in 
the causation of the condition. The role of 
the nervous sj'stem in perforating lesions 
of the intestinal tract has been emphasized 
by Cushing. Pneumonia and other serious 
infectious diseases ma^^ have a part. 
Chronic esophagitis is usualh’’ onU* part of 


a sjmdrome of gastric disease found among 
persons suffering from chronic alcoholism 
and among those addicted to the eating of 
highl}^ seasoned or ver}^ hot foods. 

Symptomatology. In the series reported 
b}”^ Butt and Vinson 76.5 per cent of the 
cases were of the acute type, 14.5 per cent 
were rather subacute, and onlj' 6.5 per cent 
were of the chronic variety. The sjTOptoms 
of acute esophagitis may suggest a gastric 
disturbance. Substernal pain with exten- 
sion to the throat during and immediately^ 
after deglutition, dy^sphagia and occasional 
hematemesis are characteristic. Diagnosis 
in the early" stages cannot be proved by" 
roentgenologic examination as a rule, but 
esophagoscopic examination can be used. 

Treatment. The treatment of esophagi- 
tis is symiptomatic and supportive. In view 
of the findings of the foregoing authors, the 
passage of a nasal stomach catheter in the 
presence of esophagitis would be foolhardy". 
Sedation, bland foods and parenteral fluids 
if necessary are helpful. Occasionally, 
gastrostomy" to put the esophagus strictly 
at rest is necessary. 

BENIGN TUMORS 

Although benign tumors of the esopha- 
gus occur rarely", they" must be carefully" 
distinguished from the more common, and 
usually" fatal, malignant varieties. Patter- 
son,®- in 1932, could collect only" sixty-one 
cases from the literature. Vinson®® on 
several occasions, and Harrington and 
Moersch more recently", have reported 
benign tumors of the esophagus seen at the 
Mayo Clinic. 

In 7,459 necropsies these latter authors 
reported forty-four benign lesions. A great 
variety of such lesions are reported in 
the literature. Among the benign tumors 
found by" Harrington and Moersch were 
cy"st, hemangioma, mucocele, neurofibroma, 
papilloma, polyp, aberrant thy"roid, my"xo- 
fibroma, lipoangioma and adenoma. Re- 
cently" Harrington has removed a large 
my"xofibroma successfully. 

Symptomatology. Symptoms of the pres- 
ence of such a tumor are most often lacking. 
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Dysphagia is the most common, however, 
but even this is usually present onl}'^ when 
the tumor mass becomes ver}^ large or a 
pedicle develops. Dyspnea because of 
tracheal pressure has been reported. Bleed- 
ing is very rare. 

Diagnosis of the lesion is usually accom- 
plished only at necropsy. The difficulty lies 
in the fact that so many of the tumors 
occur in the lower portion of the esophagus 
and are so often asymptomatic. With the 
aid of esophagoscopic examination it is 
possible to detect most lesions once their 
presence is suspected. This method of 
examination is not infallible, however, nor 
is roentgenographic examination, although 
both are of value in establishing a diagnosis. 

Treatment. Treatment of the tumors 
when found varies with their size and loca- 
tion. It is best to attempt some type of 
extirpation of the lesion. Harrington and 
Moersch recommended esophagoscopic re- 
moval of the smaller, pedunculated tumors 
but suggested the surgical removal of 
tumors involving the muscular layers of the 
esophagus or tumors in which the attach- 
ment is not accessible. 
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THE PRESENT STATUS OF THE SURGICAL TREATMENT 
OF CARCINOMA OF THE THORACIC ESOPHAGUS* 


John H. Garlock, m.d. 

NEW YORK, NEW YORK 


^T^HERE has been a renewed interest on 

I the part of the surgical profession in 
recent years in the treatment of can- 
cer of the esophagus. I believe the reason 
for this is the general dissatisfaction with 
the hit-and-miss therapy usually accorded 
this disease throughout the world. Until 
recently, the diagnosis of carcinoma of the 
thoracic esophagus carried with it a fatal 
prognosis and was followed by palliative 
treatment in the form of deep x-raj' therap}^ 
with or without a permanent gastrostomy. 
The final mortality with this treatment was 
close to 100 per cent. Inasmuch as this was 
the generally accepted method of handling 
this disease for many years, a large experi- 
ence accumulated and it is now possible to 
scrutinize the effect of x-ray therapy, espe- 
cially from the standpoint of cure. An 
enormous literature on the radiation treat- 
ment of cancer of the esophagus has 
accumulated throughout the world. Of the 
vast number of cases reported, approxi- 
mately twenty are said to be cured. Careful 
stud}' of the published results in these 
cases, in the light of our present day con- 
cept of cancer, leaves many of them open to 
question because, in a considerable per- 
centage, a positive biopsy was not reported, 
and in the remainder, the follow-up period 
was too short to warrant the contention 
that the disease was cured. 

Except for an occasional recovery re- 
ported since Torek’s original successful 
operation in 1913, the surgical treatment of 
cancer of the esophagus did not receive the 
impetus that it deserved until recent devel- 
opments in the field of anesthesia, and until 
the physiological changes in the circulatory 
and respiratory systems accompanying 
thoracic operations were more clearly 


understood. With the latter there has been 
marked progress in the field of thoracic 
surgery. Surgeons now enter the thoracic 
cavity with the same sureness as they do 
when performing a laparotomy. The im- 
petus to attack cancer of the thoracic 
esophagus by radical surgical means has 
been strengthened by a gradually increas- 
ing knowledge of the subject of cancer in 
general, and by a clearer understanding of 
the necessity' of radically removing a 
cancer-bearing focus with all the lymphatic 
tributaries draining the particular site. 

During the past four years, there has 
appeared, in the American literature espe- 
cially, an increasing number of articles 
dealing with the surgical treatment of 
cancer of the thoracic esophagus. The most 
recent, that by Adams, published in the 
February, 1941 issue of Surgery, Gynecology 
and Obstetrics, attempts to summarize all 
of the cases accorded operative therapy. It 
is interesting to note that the fourteen 
patients successfully operated upon before 
1934, died within two years after operation, 
with the exception of Torek’s patient, who 
lived for thirteen years and died at the age 
of eighty-two of pneumonia. Between 1938 
and 1940, thirty-four patients were success- 
fully operated upon, and, of these, twenty 
or 58 per cent were living and well, some of 
them up to four years. During this period, 
about 50 per cent of the sixty-eight re- 
ported operations, were successfully con- 
summated. In mj'^ opinion, Adams’ report 
does not picture the situation as com- 
pletely as I believe it to be. I am aware of at 
least ten other patients who were operated 
upon bj' surgeons in New York alone dur- 
ing the period mentioned by Adams, that 
were not incorporated in his paper. In 
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addition, I kno^v of other successful resec- 
tions carried out in San Francisco, Wash- 
ington, Boston and Philadelphia, which 
were not included in Adams’ paper. 

From a pathological standpoint, it is 
important to emphasize that cancer of the 
esophagus may remain a local disease for a 
considerable period of time. I would like to 
stress the fact that the life history of this 
disease in relation to the findings at opera- 
tion is vastly different from the usual 
picture seen in the terminal stages on 
the autopsy table. Although extension to the 
regional lymph-nodes may occur late, the 
tumor itself may become locally inoperable 
because of fixation to vital structures such 
as the aorta, bronchus or vertebral column. 
It must be remembered that the length of 
history of dysphagia does not picture the 
extent or size of the tumor. Dysphagia, 
the outstanding symptom of cancer of the 
esophagus, does not occur until gross 
involvement of the esophageal lumen takes 
place. The tumor may grow outwardly 
rather than toward the lumen of the organ 
and may reach an inoperable stage before 
persistent dysphagia becomes a prominent 
symptom. A few years ago, I was under the 
impression that all patients with a short 
history could probably be classified as 
operable. But following a rather extensive 
experience with this disease since then, I 
have reached the opinion that too great 
stress should not be placed on the duration 
of the history in determining operability. 
I have seen a patient with a history of a 
year’s duration, in whom a radical resection 
was carried out, and, on the other hand, I 
have noted three or four other patients with 
short histories, averaging from two to four 
months, in whom exploration revealed 
inoperable tumors. In determining oper- 
ability from the pathological standpoint, it 
must be emphasized that the location of the 
tumor is of greater importance. Experience 
indicates that those tumors located in the 
middle third of the organ between the arch 
of the aorta and the left main bronchus 
quickly become inoperable because of early 
fixation to one or the other strueture. 


Tumors located in the superior medias- 
tinum just above the arch of the aorta 
likewise become inoperable early in the 
course of the disease because these are 
prone to Involve the left recurrent nerve 
and seem to spread more quickly to the 
nodes at the base of the neck. Fixation to 
the right mediastinal pleura does not, by 
itself, render the tumor inoperable. On four 
occasions, I have been able to excise a 
portion of the right mediastinal pleura with 
the growth and successfully bring the 
patients through the operative ordeal in 
spite of a bilateral pneumothorax on the 
operating table. 

Cancers of the middle third of the 
esophagus (that portion situated from the 
upper surface of the aortic arch down to a 
point about 35 cm. from the upper incisor 
teeth) metastasize to the mediastinal 
h’mph-nodes, and, late in the disease, to 
the supraclavicular nodes on the left side. 
Occasional retrograde metastasis may take 
place downward below the diaphragm to 
involve the nodes in the paracardial region 
and in the gastrohepatic omentum. Cancers 
located in the distal third of the organ, the 
most common site (that extending from the 
lower part of the middle third as far as 
the cardia of the stomach) usually spread to 
the regional nodes in the mediastinum. 
Not infrequently, there is extension below 
the diaphragm to the paracardial and 
gastrohepatic nodes. Involvement of the 
liver is, in my experience, a most unusual 
route of extension, except in the terminal 
stages of the disease. Inasmuch as the 
operation of choice today for cancers of the 
distal third is a transthoracic, transdia- 
phragmatlc resection with anastomosis 
between esophagus and stomach, it is 
alwa^’S possible to determine 13'mph-node 
e.xtension below the diaphragm during the 
course of the operation. Because l^unph- 
node extension below the diaphragm is 
most unusual with tumors located in the 
middle third of the organ, it is rarelj^ neces- 
sary- to explore the abdomen during the 
conduct of the operation for removal of 
tumors in this part of the organ. 
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It is important to empiiasizc the implica- 
tions of the nature of the histological 
examination of the biopsy specimen ob- 
tained by esophagoscopy. The finding of 
squamous cell characteristics in the tumor 
indicates origin of the growth from the 
esophageal mucosa. If adenocarcinoma is 
found on histological examination, there is 
definite evidence that the tumor arises from 
mucosa of the cardia or upper portion of the 
stomach. I have heard clinicians and 
pathologists state that adenocarcinoma of 
the distal esophagus often originates from 
misplaced gastric mucosa in the esophageal 
wall. I believe this to be grossly inaccurate. 
A fairly large operative experience indicates 
that every instance of adenocarcinoma of 
the esophagus has demonstrated that the 
tumor originated in the cardia or upper 
portion of the stomach. 

The lymph-node spread from adenocar- 
cinoma of the cardia is mainly below the 
diaphragm. In the majority of instances, 
the extension is in the direction of the 
paracardial and gastrohepatic nodes. Occa- 
sionally, the pcripancreatic nodes may 
become involved. Extension to the portal 
system with metastatic involvement of the 
liver may occur early in the disease. In a 
few instances, I have noted extensive node 
involvement in the mediastinum above the 
diaphragm with minimal involvement be- 
low the diaphragm. This clear distinction 
of the difference in lymphatic spread of 
squamous cell carcinoma and adenocarci- 
noma is the reason for my suggestion that 
every case of adenocarcinoma of the lower 
esophagus should be explored through an 
abdominal incision in order to determine 
operability. 

Cancer of the esophagus occurs most 
frequently in the fifth and sixth decades of 
life. I have seen two patients in the third 
decade and many in the fourth. The disease 
apparently is more common in men than in 
women. There is nothing in anj' of the 
histories that I have elicited, which would 
indicate some predisposing cause, such as 
chronic irritation. Without exception, every 
patient has presented the one cardinal 


symptom of dysphagia, i.e., interference 
with the normal act of swallowing. Most 
often, this difficulty is concerned with the 
swallowing of solid foods and the patient 
usually states that swallowed food seems to 
.stop at a point in the esophagus which the 
patient indicates by pointing to a portion 
of his sternum. Most of the patients have 
been quite accurate in localizing the site of 
obstruction, when this was compared with 
the -Y-ray films and the findings at opera- 
tion. Pain on swallowing has not been a 
prominent symptom in the cases that I 
have seen. In almost every instance, 
dysphagia has been progressive, with 
gradual elimination of solid food from the 
diet. Most of the patients were able to 
subsist only on fluids at the time of the first 
e.vamination. 

The extent of loss of weight has been of 
considerable interest in determining the 
duration of the disease and arriving at an 
estimation of operability. My experience to 
date would seem to indicate that too much 
reliance should not be placed upon weight 
loss as an indication of the extent of the 
disease. The tumor which early impinges 
upon the lumen will produce a rapid weight 
loss early in the course of the disease. I ha\'e 
seen one patient who was known to have 
cancer of the esophagus for one year and 
yet there had been no weight loss whate\'er. 
By the same token, the e.xtent of weight 
loss has not proved to be of any significance 
in arriving at an opinion concerning 
operability. 

The symptom of persistent back pain is 
of serious importance. It usually indicates 
e.xtension of the growth beyond the wall of 
the organ with fixation to the aorta or 
vertebral column. With adenocarcinoma of 
the cardia, backache may mean pancreatic 
extension. However, the symptom of back- 
ache does not necessarily indicate in- 
operability because it may be caused by 
inflammatory reaction in the peri-esopha- 
geal tissues. 

Every patient with carcinoma of the 
esophagus should be carefully examined for 
the presence or absence of an enlarged 
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supraclavicular lymph-node, the so-called 
node of Virchow. The finding of a firm 
supraclavicular node demands biopsy of 
the node before attempting surgical exci- 
sion of the esophageal tumor. If node 
metastasis is demonstrated on histological 
examination, the case should be classified 
as inoperable. 

It is needless to stress the fact that every 
patient who complains of persistent dys- 
phagia should be subjected to careful 
roentgen examination of the esophagus and 
upper stomach. A negative examination 
does not exclude the presence of a neoplasm 
of the organ. If the symptom of dysphagia 
persists in spite of symptomatic treatment, 
examination should be repeated after three 
or four weeks. The finding of an irregular- 
ity, a filling defect, or an obstruction, on 
fluoroscopic and .x-ray examinations, calls 
for esophagoscopy by a competent opera- 
tor. There seems to be an idea in the 
medical profession that esophagoscopy is a 
dangerous procedure. There is little argu- 
ment with the fact that, in the hands of an 
inexperienced esophagoscopist, this is quite 
true. However, with a disease such as the 
one under discussion, it is important to 
verify by direct visualization and by biopsy 
examination, the presence or absence of a 
carcinoma before attempting radical surgi- 
cal extirpation. Therefore, the alleged 
danger of the esophagoscopic examination 
itself has little significance when compared 
with the necessity of establishing a positive 
diagnosis. 

Esophagoscopy has a twofold purpose: 
In the first place, the gross appearance of 
the tumor is noted and a biopsy specimen is 
taken to determine the histolosiical charac- 
teristics. Secondly, the esophagoscopist 
notes the distance of the growth from the 
upper mcisor teeth. This, in conjunction 
with the roentgen film, aids the surgeon in 
deciding the type oi operation he will 
undertake. As stated before (and it is 
necessary to emphasize this point), the 
demonstration of adenocarcinoma in the 
biopsy specimen calls for preliminary 
abdominal exploration to determine opera- 


bility because of the direction of lymphatic 
spread that occurs with this tumor. With 
tumors located in the middle third of the 
organ, one type of operation is indicated, 
while, with tumors in the distal third 
(beyond 35 or 36 cm. from the upper 
Ineisor teeth) another operative procedure 
is carried out. 

The decision to undertake radical surgi- 
cal extirpation of a cancer of the esophagus 
will rest on a number of factors. The age 
and general condition of the patient are of 
considerable importance. It would be poor 
judgment, in my opinion, to subject a 
patient in his seventies, with a poor heart, 
arteriosclerosis and poorly functioning kid- 
neys, to the hazards of so extensive a 
procedure. On the other hand, I have 
suceessfully carried out a one-stage resec- 
tion in a man of seventy-three years. Eaeh 
case must be judged on its own merits and 
it is important to have the help of a 
competent physician to aid the surgeon in 
estimating the patient’s physieal and 
physiological status. The demonstration of 
metastatic involvement of the supraclavic- 
ular nodes indicates inoperability. Tumors 
located between the arch of the aorta and 
the left main bronchus present a speelal 
problem. Fixation to either or both struc- 
tures takes plaee early and the technical 
difliculties resulting therefrom may be 
formidable. The outlook from the stand- 
point of cure, should the patient survive 
the operation, is not favorable. None of the 
four patients in my series has survived a 
year, and each has died of recurrence in 
the superior mediastinum. Fortunateh’, 
growths in this location are not frequent. 

The duration of the history of dysphagia 
is of some importance in determining oper- 
ability, but I do not, at the present time, 
consider it as important as I formerly did. 
Intralumenal extension of the tumor and 
the degree of fibrotie constriction of the 
cireumference of the organ are impor- 
tant pathological reasons for the sever- 
ity of symptoms. These must be carefully 
appraised. 
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CHART I (Conthnied) 


Pt. 

Male 

Fe- 

male 

Age 

Approxi- 

mate 

Duration c 
of Symp- 
toms 

Location 
>f Tumor, 
Cm. 

Biopsy 

Operation 

Postoperati\ c 
Complications 

Follow-up 

Remarks 

G. B. 


\ ' 

43 

3 months 

26 

Squamous 
cell ca. 

7/14/41 thoracic 
exploration. 
Tumor inoper- 
able Stamm 
gastrostomy. 

None. 

Still alive. 


S. F. 

S'' 


59 

4 weeks 

39 

Squamous 
cell Csi. 

5/8/40 resection 
^^ith intrathor- 
acic csophago- 
gastrostomy. 

Postoperative 
pneumonia of 
both lungs. 

Died 3rd day 
pobtop. 

Autopsy showed 
inx'oix’cment 
of peripancre- 
atic and coc- 
liac nodes. 

J. K. 



53 

2 months 

30 

Squamous 
cell ca. 

4/3/40 Spivack 
gastrostomy. 
4/17/40 Explo- 
ration. Inop. 
tumor. 

None. 

, Died four mo 
later of dis- 
ease. 

! 

R, F. 



43 

4 months 

30 

Squamous 
cell ca. 

•'/29/40 modi- 
fied T^orck pre- 
scr\ing distal 

2 inches of 
organ. 

Unexplained 
convulsion on 
third day. 

Alive and well 

I yr. 


11. K. 

x-" 




29 

Squamous 
cell ca. 

‘“/1/40 Janeway 
gastrostomy. 

7/24/40 Explo- 
ration. Inop 
tumor attached 
to aorta. 

None. 

Died four mo 
later of dis- 
ease. 

i 

i 

R. L. 


• ■ 1 

j 6- j 

4 months 

33 

i 

1 Squamous 
cell ca. 

i/i 1/40 Spiv.rck 
gastrostomy. 

1 5/19/40 Torek. 

R.L.L. Bron- 
chopneumo- 
nia. 

Pulmonary 

edema. 

Died 48 hrs 
postoperatix e. 


B. A. 

i 

N 

57 

1 jear 

19 

Squamous 
cell ca. 

n/23/40 modi- 
fied Torek. 

Cerebral em- 
bolus. Left 
empyema. 

Died 1 I t h 
postop. day 

Long hist, no 
wt. loss. Rc- 
s e c t a b 1 e 
tumor. 

W. B. 



72 

1 0 w eeks 1 

36 

Squamous 
cell ca. 

1/8/41 resection 
with intrathor- 
acic esophago- 
gastrostomy. 

Small right 
pleura] effu- 
sion. 

Alive and well 
8 mos. post- 
operative No 
stricture. 

Part of rt. me- 
diastinal pleu- 
ra excised. Age 
of pt. note- 
worthy. 

S. G. 

v' 


52 

4 weeks 

30 

Squamous 
cell ca. 

3/20/41 modi- 
fied Torek 

Developed^ ful- 
m i n a t i n g 
pneu m. 

Died on pth 
postop. day 

Operatix'C risk 
not good. 

\V. M. 

y' 


54 

“ weeks 

33 

Squamous 
cell ca. 

i 

4/30/41 resec- 
tion with intra- 
thoracic csoph- 
agogastr os- 
tomy. 

None. 

Alix e and well 
5 mos. 

There was also 
an earlx' ad- 
cnoea. of stom- 
ach near car- 
din. This was 
also excised. 

New ark 
case. 



53 

5 months 

30 

Squamous 
cell ca. 

4/10/39 Jane- 
way gastros- 
tomy. 

4/19/39 E\plo- 

ration — inop- 
erable. 

None. 

Died 3 mos 
later of dis- 
ease. 


M. G. 

v' 


64 

3 months 

20 

Squamous 
cell ca. 

4/19/41 cerxi- 
cal exploration. 
Inoperable. 
6/2/41 gastros- 
tomy. 

None, 

Still alix e 

Left recurrent 
nerxe paralj'- 
sis 

G. R. 

n ' 


49 

6 months 

■ 

Squamous 
cell ca. 

12/18/40 modi- 
fied Torek op. 

Acute coronarx 
occlusion with 
infarction of 
mj’ocardium 

Died 3d day 
postoperatix e. 

Cardiac death 

S. S. 



56 

3 months 

=9 

Squamous 
cell ca. 

9/7/40 thoracic 
exploration. In- 
operable. Wit- 
zcl gastros- 
tomy. 

None. 

Died 3 months 
later. 

Tumor adher- 
ent to xiorta 
and pericar- 
dium. 

P. K. 

\' 


1 


3- 

Squamous 
cell ca. 

n/2''/40 ab- 

dominal explo- 
ration. Inop- 
erable. Gastros- 
tomy. 

None. 

Died 4 mos. 
later of dis- 
ease. 

Tumor adher- 
ent to aorta 
and xcrtebral 
col 

J. K. 

\ 


42 

6 months 

33 

Squamous 
cell ca. 

ii/ 2~/40 thor- 
acic explora- 
tion. Inoper- 
able. Stamm 
gastrostomy. 

None. 

Died 3 mos. 
later of dis- 
ease. 

Tumor adher- 
rent to thor- 
acic aorta. 
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CHART n 

ADLNOCSHCJNOM \ OK Till' CAUDlA 


I Approxi- 

imtr t fti rttion * 
j Duntnm of Junior, fVu»j>\> 
I of nijH * ( rn t 

I toniH ‘ I 


■t{i% r 
C ofJipJic 'ttu»n*i 




V ^ (to 4 « i < V.N 

f I 


V >]h fi wet ks 


iJhiuI 0 
montfis 


1 


40 AcftfUKir- 10/13/30 '»!>. None Died of J 

untfUii j »!omfn il I 4 mot iTtrr 

ntion Inop t , 

3 o Atffnonr- lo/io/iK tf ^ f ufniin'ittnp: Dn-tl on 3(1 <fi> Al present time 

/ itfn*ma ) rittc ripfon- pnrumonn p^tstop woiftl explore 

1 tion Inoper- | afxlomen 

ihlr Gistr(»s-* to tletcrminc 

t*'»n\ ^ oprralnfitx 

40 A<l».n*»cir- tnnt* None Died 5 mot | At present tine 

tinomi thof'icic rx- liter wojfci explore 

* plofntum In* ilKloncn first 

<»P Gitlfos I to determine 

tom\ 1 operibditj 

3K Adtnocir- 5/51 /40 ilMlorn- None Ucll ffi mos One Ixmph* 

‘ tinoma inil cxplontion postopmlisc node showed 

rrinstlioncic in\o{\cmcnt 

resection with 
inisiom^»siv 


48 fo weeks 


40 Adenocar- 6/6/40 atxlomi* None 
cmomi nil cxpforition 
T nnstifior ictc 
resection with 
I in istonu»sis 


30 1 Adenoe ir- I 3/-/40 d«)omi- None 

cinomi j nil rxpJontion 
{ IfiopcnbU 
Spis ick pis* 
trost<^m^ 


40 Adenircir- . 6/58/40 dKlomi None 
crnomi I nilexplont/on 
I Inoperibic 


3> Adrm»cir<* j 1 2/28/40 ib- None 
) ctnom'i , domindtxplo- 
^ ntjon Inop- 


Well 1 5 mos , No imoUcd 
IK>str>perativc nodes found 


Died of dis- 1 
else 3 mos 
liter 


Died 4 mos 
liter of di*- 
eisc j 


Died 5 mos 
liter of dis- 
ease 


55 ' 6 months 


10/25/40 ih* i None 
dominal explo- 
ration Inoper- 
able Janewis ^ 
pastrost 


Died 3* j mos 
liter of dis- 



66 

1 1 jtar 1 
1 

1 40 

j 

Adenocar- 

cinoma 

4/1/41 abdomi- Coronin oc- | Died suddenh Lengrth of bis- 
nal exploration i elusion on 6th on 6th das torj and oper- 

Transthoracic j das abiJits notc- 

rescction with t ' worths 

anastomosis t 

5 r 

4 weeks 1 

i 

40 

Adenocar- 

ctnomi 

1 

' >A/ 4 t abdomi- None Std) alive | 

nal exploration | 

Inoperable j 
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CHART II {Co7iiinned) 


Pt. 

Male 

Fe- 

male 

Age 

Approxi- 
mate 
Duration 
of Symp- 
toms 

Location 
of Tumor, 
Cm. 

Biopsy 

Operation 

Postoperative 

Complications 

Follow-up 

Remarks 

J. A. 

\' 


40 

3 months 

39 

Adenocar- 

cinoma. 

1/26/39 trans- 
thoracic resec- 
tion and anas- 
tomosis. 

Cerebral em- 
bolus. 

Died on 3d 
day. 

Lymph - nodes 
showed in- 
volvement. 

M. B. 

! 

\‘ 

TO 

1 

S months 

39 

Adenocar- 

cinoma. 

1/29/38 abdomi- 
nal exploration. 
I nopcrablc. 
Janeway gast. 

None. 

Died of dis- 
ease 2 mos. 
later. 


J. B. 

1 

i 

\ ‘ 



4 months 

40 

Adenocar- 

cinoma. 

10/5/39 abdomi- 
nal exploration. 
Inop. Janeway 
gast. 

None. 

Died of dis- 
ease 3 mos. 
later. 


\v. c. 



47 

3} 2 

months 

30 

Adenocar- 

cinoma. 

10/15/39 ab- 

dominal explo- 
ration. Chest 
exploration. 
Inoperable. 

None. 

Died of dis- 
ease 4 mo.>. 
later. 

Extensive me- 
diastinal node 
involvement. 

C. D. 





36 

Adenocar- 

cinoma. 

-/ 1/38 Janeway 
gastrostomy. 
4/19/38 chest 
exploration. In- 
operable. 

Postoperative 

pneumonia. 

Died one mo. 
later. 


L E. 



73 

TO weeks 

39 

Adenocar- 

cinoma. 

8/3/39 trans- 
thoracic resec- 
tion and anas- 
tomosis. 

Became coma- 
tose on 3d 
day. 

Died on 4th 
day. 

Autopsy essen- 
tially nega- 
tive. 

W. H. 

N * 

J 

1 

i 

i 

49 

6 weeks 

1 

40 

Adenocar- 

cinoma. 

6/20/39 trans- 
thoracic resec- 
tion and anas- 
tomosis. 

7/2/39 right 

thoracotomy 
for pyopneu- 
. mothorax. 

Developed lung 
abscess, rup- 
tured of rt. 
lung. 

Lived for 16 
mos. Died of 
extensive re- 
troperitoneal 
metastases. 

Resected speci- 
men showed 
extensive node 
involvement. 

H. H. 

\' 

t 

i 

i 

i " 

I 

30 

6 weeks 

{ 

40 

Hodgkin^s 
disease of 
cardia. 

4/12/41 abdomi- 
nal exploration. 
Transthoracic 
resection * and 
anastomosis. 

None. 

Doing well 5 
months post- 
operative. 

This case is in- 
cluded in series 
for obvious 
reasons. 

M. F. 

i 

i \ 

) 

1 

1 

■ 

■ 

40 

Negative 

biopsy. 

5/14/41 explor- 
atory laparot- 
omy. Tnop, 

Several severe 
gastric hem- 
orrhages. 

Still alive. 


M. B. 

\ * 


5 '' 

3 months 

40 

Adenocar- 
c i n 0 m a 
of cardia 
and lower 
e s 0 p h - 
agus. 

5/21/41 explor- 
atory laparot- 
omy, Trans- 
thoracic resec- 
tion and csoph- 
agogast. 

Mediastinal ab- 
scess and per- 
itonitis. 

Died on 9ih 
day postoper- 
ative. 

Leakage from 
small perfora- 
tion of esoph. 
at site of oper- 
ative injury. 
Suture line in- 
tact. 

H.G. i X- 

! 


57 

3 months 

40 

Adenocar- 

cinoma. 

6/4/41 abdomi- 
nal exploration. 
Inop. 

None. i Still alive. 



Once the decision to undertake surgical 
treatment is made, the patient’s general 
condition and his physical reserve after 
thorough preoperative preparation must be 
carefully appraised. It is important to pay 
special attention to oral hygiene. Carious 


teeth should be extracted and infected 
gums should be cleansed. This -will natu- 
rally decrease the possibility of post- 
operative pulmonary complications. Great 
veight loss maj" be due primarily to ex- 
treme dehydration. The daily intravenous 
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Of rfjwi f, i(ji» 


injection of i.ooo to 2.ono co. of 5 per cent 
glucose in saline over a week’s period often 
results in astonishing improvement of liu‘ 
patient. In a recent case, the patient gained 
ten pounds in seven days. Unless complete 
obstruction is present, the patient should 
be encouraged to take large quantities of 
high-caloric liquids containing the neces- 
sary vitamins and minerals. In many 
instances, parenteral administration of 
vitamins will be necessary. It will be found 
that taking one or two weeks to improve 
the patient’s general condition is time very 
well spent. 

The question fif preliminary gastrostomy 
deserves special mention. Till recently, I 
was of the opinion that most patients re- 
quired a preliminary gastrostomy to aid in 
restoring fluids, proteins, etc. At the 
present time, I have the opposite viewpoint 
and believe that, except for the rare excep- 
tion, most patients can be gotten into 
satisfactory condition by the methods 
above enumerated. To aid in restoring lost 
proteins, I have, in the last few patients, 
given amino acids intravenously, after the 
method of Elman. I believe this will prove 
to be of inestimable value in the preopera- 
tive preparatory period. The presence of a 
gastrostomy would seriously interfere with 
the carrying out of the operative procedure 
I recently described for carcinoma of the 
middle third of the organ and with the 
operation of resection and esophagogas- 
trostomy for tumors of the distal third. 
Should alimentary feeding be necessary, 
jejunostomy instead of gastrostomy should 
be performed, and the operative incision 
should be placed at or below the umbilical 
line. 

In most instances, it will be necessary to 
administer a blood transfusion before oper- 
ation. A transfusion during operation is, in 
my opinion, obligatory. A third transfusion 
during the early period of convalescence is 
also most desirable. In order to decrease the 
number and virulence of the organisms 
covering the ulcerated surface of these 
neoplasms, I have routinely administered 
one of the sulfonamide drugs (usually 


sulfanilamide) for seventy-two hours prior 
to operation, in 15 gr. doses every four 
hours. An additional line of attack against 
the bacterial flora of the ulcerated neo- 
plasm has consisted of mechanical cleans- 
ing by frequent irrigation with warm saline 
sohilion through a Levin tube. 

A few writers have emphasized the need 
of pneumothorax prior to operation in 
order to accustom the lung to the positive 
intrapleural pressure which occurs during 
the operation. I have never seen the need 
for this, relying on the anesthetist to main- 
tain varying degrees of positive intrapul- 
monary pressure. I do not subscribe to the 
recommendation of a few authors that the 
phrenic nerve be crushed cither prior to or 
during the operation. Paralysis of the 
diaphragm adds another burden to an 
already handicapped patient in his effort 
to obtain maximum pulmonary ventilation. 

In my experience, the combination of 
avertin and cyclopropane or ethylene has 
been most satisfactory. Complete collapse 
of the lung should not be permitted to take 
place at any time and the anesthetist 
should have complete control of the situa- 
tion. It is important to secure the services 
of a competent anesthetist because the 
incidence of postoperative pulmonary com- 
plications depends in large measure on the 
skill of administration of the anesthetic 
agent. 

A few writers recommend intratracheal 
anesthesia, stating that the degree of infla- 
tion of the lungs can be more accurately 
controlled by this method. I have believed 
that the trauma of intubating the trachea 
in these debilitated patients may well be a 
factor in the development of pulmonary 
complications and have, therefore, had no 
experience with this method. 

The ideal to be sought after in the surgi- 
cal treatment of cancer of the thoracic 
esophagus is radical resection of the 
cancer-bearing portion with ail the asso- 
ciated ly'mph-nodes and re-establishment 
of esophagogastric continuity. \\'ith tumors 
located in the middle third of the organ, it 
has been Impossible, up to the present time. 
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to attain this ideal to its fullest extent 
because, with the operative procedures so 
far evolved, it has been impossible to re- 
establish continuity following a radical 
resection. Although the Torek operation 
has stood the test of time and experience 
and although I have modified it to the 
extent of eliminating a preliminary gastros- 
tomy and of preserving the sphincteric 
action of the cardia, I have always believed 
it was a makeshift procedure, leaving the 
patient with an artificial esophagus which 
was far from desirable from all standpoints. 
Because of this, I am trying to develop a 
new operation which will eliminate these 
objections. I am not prepared to say what 
the final result will be but the procedure 
seems to have some merit. 

With tumors located in the distal third 
of the oraan or in the cardiac end of the 
stomach, the operation of choice is a left 
transthoracic transdiaphragmatic resection 
of the lower esophagus and upper stomach, 
mobilization of the proximal two-thirds of 
the stomach and a suture anastomosis 
between the end of the severed esophagus 
and the upper anterior wall of the stomach. 
In previous papers, I have described in 
great detail, the technical steps of this 
operation and also, of the modified Torek 
procedure for cancers of the middle third. 
That the operation of esophagogastrostomy 
is physiologically and anatomically sound 
is proved by the fact that there has not 
been a single instance of leakage from the 
suture line in the entire series of cases 
reported herewith. In a recent case, post- 
mortem examination disclosed leakage 
from a perforation of the esophagus one- 
half inch above the suture line due to 
operative injury of the organ at this site, a 
preventable technical error. 

It must be emphasized that the operation 
for cancers of the middle third carries with 
it a greater postoperative morbidity and a 
higher mortality than the operation of 
esophagogastrostomy for tumors of the 
distal third. Greater operative trauma in- 
volving the entire mediastinum instead of 
only the distal portion, handling of the arch 


of the aorta in freeing the esophagus from 
its posterior surface and the possibility of 
increasing the already existing pneumo- 
thorax during the cervical phase of the 
operation are major reasons for the in- 
creased morbidity and mortality. In spite of 
the fact that the Torek operation is an 
excellent one from the standpoint of free 
exposure and good cancer surgery, the 
above enumerated objections have made 
for dissatisfaction and a desire to provide a 
method which would approach the ideal 
already expressed. 

My own experience to date consists of 
the operative treatment of fifty-four can- 
cers of the esophagus and cardia. The 
accompanying chart indicates the impor- 
tant features of each case history. A sum- 
mary of the entire group shows that of 
thirty squamous cell carcinomas of the 
esophagus, nineteen were considered opera- 
ble and were resected, an operability rate 
in this group of 63.3 per cent. In the group 
of nineteen resections, there were eight 
postoperative deaths, an operative mortal- 
ity of 42 per cent. The causes of death are 
listed in the chart. There were thirteen 
Torek or modified Torek operations with 
six deaths and six anastomosis operations 
with two deaths, with a comparable mortal- 
ity rate of 46 and 33.3 per cent, respec- 
tively. In the Torek group, only two 
patients are alive and well toda}', one al- 
most five years and the other thirteen 
months postoperatively. In the anastomosis 
group of four operative survivors, all are 
alive and well, two and one-half 3’ears, two 
years, eight months, and five months, 
respectively. 

In the group of adenocarcinoma of the 
cardia with esophageal involvement, there 
were twenty-four cases. Nine were found 
operable and subjected to radical resection 
and anastomosis. The operability rate was 
37.5 per cent. There were four operative 
deaths, a mortality rate in the adenocarci- 
noma group of 44.4 per cent. Of the five 
operative survivors, four are alive and 
apparently free of disease sixteen months, 
fifteen months, six months, and five 
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months, respectively. The fifth patient died 
of retroperitoneal recurrence one and one- 
half years after operation. 

If we combine the adenocarcinomas of 
the cardia and the squamous cell tumors of 
the distal esophagus into one group, it will 
be seen that the operation of transthoracic 
resection with esophagogastrostomy was 
carried out in fifteen cases. There were six 
deaths, an operative mortalit}’- of 40 per 
cent. Eight of the operative survivors are 
alive and well for periods ranging from two 
and one-half years to five months. 

The general problem of the surgical 
treatment of cancer of the esophagus ma3% 
on the basis of the experiences above 
described, be reduced to cold figures. The 
average patient with a cancer of the middle 
third of the organ stands a 54 per cent 
chance of surviving the operation and a 
30 per cent chance of living more than one 
year. With squamous cell cancer of the 
distal third of the organ, the patient has an 
approximate 70 per cent chance of surviv- 
ing the operation and almost 100 per cent 
probability of living more than two years. 
In the group of adenocarcinoma of the 
cardia, the probability of operabilitj' is only 
about 37 per cent. There is a 60 per cent 
chance of operative survival and an 80 per 


cent probability of living more than one 
year. 

Such is the present status of the opera- 
tive treatment of this disease. The figures 
presented indicate a great advance over 
those given heretofore for the treatment of 
this disease by other methods. However, 
there is much to be desired. I am firmly 
convinced that the operability percentage, 
the mortality rate and the postoperative 
survival period will be markedly improved 
when more early cases are referred for 
operation and with increasing experience in 
the operative management. 
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RESUSCITATION FOR CARDIAC STANDSTILL AND 
VENTRICULAR FIBRILLATION OCCURRING 
DURING OPERATION^*^ 

Claude S. Beck, m.d. 

CLEVELAND, OHIO 


T his discussion concerns the resuscita- 
tion of patients -who die in the operat- 
ing room. The type of death under 
discussion is that \vhich occurs unexpect- 
edly. It occurs in the patient who possesses 
normal heart and lungs. Its occurrence in a 
healthy patient is not unlike turning off the 
ignition in a good motor. A vital spark is 
lost in an otherwise good mechanism. 
Fortunately, this type of death does not 
occur frequently. When it does occur, how- 
ever, the stake is high. I can recall se^■eraI 
instances in my own experience. The first 
one happened twenty years ago when I was 
a surgical intern in one of the hospitals in 
Baltimore. A pulmotor was brought to the 
operating room by the fire department. 
The patient could not be revived. Un- 
successful attempts at resuscitation take 
place in the operating rooms the world 
over. Mv belief is that surgeons should not 
turn these emergencies over to the care of 
the fire department. We should take care of 
them ourselves. To do so requires a pro- 
gram of action established before the 
emergency occurs and put into use as soon 
as the emergency appears. Training in 
resuscitation should become a part of the 
surgical curriculum. 

In order to take care of these emergencies 
we must have a proper appreciation of the 
oxygen requirements to sustain cell life for 
which an almost constant supply of oxygen 
is necessary. The supply of oxygen can be 
interrupted for only a few minutes and then 
the flame of life goes out. Life can be 
restored if the interruption in the oxygen 
system is brief. The safe period for the 


human being is not definitely known but 
animal experimentation places it at three 
to five minutes.^ The respiratorj'^ center 
rapidl}’ loses its function if it is deprived of 
ox3'gen for longer periods of time. If re- 
spiratorj’ function can be restored later on, 
resuscitation is possible. If it cannot be 
restored later on, then, of course, full 
recover}’ is impossible even though the 
heart action has been restored. Effective 
effort must be made to re-establish the 
oxygen system before respirator}^ loss be- 
comes permanent. There is no place here 
for trial and error experimentation. When 
the emergency arises, proper steps must be 
taken without deliberation and delay. 

The Oxygen System. The oxygen system 
includes respiration and circulation. (Fig. 
I .) These two components are interdepend- 
ent in transporting oxygen to the living 
cell. Whether respiration fails first or 
whether circulation fails first is of little 
consequence in resuscitation. The loss of 
either is equally destructive to the supply 
of oxygen to the cell and to cell life. 

Respiration. The lungs must be venti- 
lated properly for successful resuscitation. 
The methods of Schaefer and of Sylvester 
are valuable for resuscitation from drown- 
ing and can be used anywhere in the 
open country. However, these boy-scout 
methods of chest compression do not meet 
the demands of resuscitation in the operat- 
ing room. Likewise the Drinker respirator 
is not satisfactory for this purpose. A con- 
stant stream of oxygen delivered into the 
lungs through an intratracheal catheter 
does not provide satisfactory ventilation of 


* From the Department of Surgery of ^^■estern Reserve University School of Medicine and University Hospitals 

of Cleveland, Oiiio. 
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the lungs. Intermittent compression of a dogs were anesthetized in this way; the 
gas bag by hand does not meet the require- chest was opened and intrathoracic opera- 
ments. The only satisfactory method is one tions were carried out. On the basis oj this 



OXYGEN AND RESUSCITATION 

Fig. I. This chart indicates the transfer of oxj'gen from the outside air to the 
inside structures of the body. 


tvhich intermittently fully distends the 
iungs and collapses the lungs and which 
operates in such a way that the surgeon can 
drape an operative field, open the chest and 
provide circulation by massage of the 
heart. For many years these requirements 
were met in experimental laboratories by 
several types of apparatuses which inter- 
mittently inflated and deflated the lungs. 
In our laboratory we used an intermittent 
current of air passed through an ether 
bottle and delivered into the lungs through 
an intratracheal tube. A windshield wiper 
device was used to make the current of air 
intermittent. A vent was placed in the tube 
to allow the lungs to deflate without ob- 
struction. The volume of air sent in and the 
rate were easily regulated. Thousands of 


experience we can say that mechanical 
respiration ij properly adjusted performs the 
function of pulmonary ventilation more 
thoroughly than does normal respiration. 

A few years ago I began to use this ap- 
paratus on patients with increased intra- 
cranial pressure. I have carried several 
patients through brain tumor operations 
■with this tj^pe of mechanical respiration 
after the respiratory center was thrown out 
of function. The introduction of mechanical 
respiration into our hospitals has been 
slow. There are few hospitals that possess 
an apparatus that can provide respiration 
if failure should occur during an operation 
on the brain, chest or abdomen. There are, 
indeed, few surgeons who appreciate the 
need for perfect mechanical respiration and 
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for purposes of resuscitation the respiration 
must be perfect, I learned \Yhat constitutes 
satisfactory pulmonary ventilation from 


practical. (Fig. 2.) It is a closed system and 
uses a gas bag which is part of the equip- 
ment of the standard anesthetic machines 



Fig. 2. The Mautz respirator, a mechanism for the inter- 
mittent compression of the breathing bag. The tube be- 
neath the glass chamber connects to an air pressure line. 
This feeds air to an interrupter which works automati- 
cally and delivers air into the chamber under pressure and 
then allows air to escape from the chamber. The gas bag 
is thereby automatically compressed and delivers its con- 
tained gases into the lungs. A container of soda lime in 
the circuit absorbs the carbon dioxide. The gas bag can 
be filled with oxygen or other gases as desired, i is the 
valve which connects or disconnects the intermittent 
pressure by closing the chamber or opening it to the 
atmosphere; 2 is the pressure-limiting xmlve which accu- 
rately limits the pressure applied to the breathing bag; 
3 is the rate control; 14 to 28 alternations per minute; 4 
is a windshield wiper device which intermittently opens 
and closes valve in the bottom of chamber and regulates 
the alternations when valve i is closed. 5 is the reducing 
valve to regulate the air pressure to 4 lb. per sq. in., the 
pressure for which the device is calibrated. 


my experience in resuscitating dogs. With- 
out this experience I would not have 
learned this lesson. 

There are several forms of apparatuses 
that can provide perfect mechanical res- 
piration. Crafoord- and Mautz® each have 
devised mechanical respirators that meet 
the requirements. The Mautz apparatus, 
with which I am familiar, is simple and 


in common use. The gas bag is enclosed in a 
glass box. A mechanical device forces air 
into the box which in turn compresses the 
gas bag and this in turn expels its contained 
oxygen or anesthetic mixture into the 
lungs. The pressure in the glass container is 
then released automatically and the gas 
returns from the lungs to the rubber bag. 
Soda lime absorbs the carbon dioxide. A 
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pressure of 12 to 14 mm. of mercury will 
expand the lungs nicely. It is not always 
necessary to use an intratracheal tube. 
Crafoord emphasized the importance of 
free, unobstructed expiration in order to 
get rid of carbon dioxide. He pointed out 
that retention of carbon dioxide produces 
cardiac dilatation and failure even though 
plenty of oxygen is delivered to the lungs. 
He also discussed the fact that the machine 
takes over respiration and rests the muscles 
of respiration. This reduces the amount of 
oxygen consumed by the patient.* If the 
Mautz or Crafoord apparatus is not avail- 
able, I would suggest that the inexpensive 
type of wind shield interrupter be used. I 
believe that every operating room should 
have available an apparatus that provides 
satisfactory mechanical respiration. To 
have it in working condition and to have it 
correctly adjusted the apparatus should be 
used almost routinely. We use it freely on 
patients when there is no need for it be- 
cause we _ desire our anesthetists to be 
familiar with it. 

When lo Use Mechanical Respiration. It 
is obvious that respiration should be taken 
over by the machine as soon as evidence of 
poor ventilation appears. As a rule there is 
a warning before the oxygen system breaks 
down completel3^ A critical point is 
reached when the respiration becomes 
shallow and irregular and when the heart 
beat begins to lose its force. If good 
ventilation can be given at this point, the 
crisis sometimes can be averted. Much 
depends upon the supply of oxygen to the 
heart. Repeatedly in experimental work 
with the chest open we have observed the 
heart to recover its strength immediately 
after the lungs were properly blown up. 
Anoxemia and accumulation of carbon 
dioxide weaken the heart action and pro- 

* One can appreciate the energy expended in breath- 
ing by entering the chamber devised by Dr. Alvan 
Barach of the Medical Center, New York.'* In this 
chamber the pressure alternately rises and falls. When 
one enters this chamber the respiratory effort ceases 
and respiration is taken over by the chamber. The 
degree of relaxation and rest that one experiences in 
this chamber is remarkable. 


duce failure. Conversely, the heart beat is 
strengthened when plenty of oxygen is 
supplied and the carbon dioxide is removed. 

It is also obvious that getting the oxygen 
in is of no value if there is not any circula- 
tion. If the circulation has disappeared, it 
becomes necessart' to provide artificial 
circulation by massage of the heart. Me- 
chanical respiration and circulation fa}’ 
cardiac massage are equally necessary to 
get oxygen to the vita! brain cells. 

Circulalion. When the heart stops beat- 
ing, the organ either comes to a complete 
cessation of activity or the ventricular 
muscle fibers undergo fibrillary twitchings 
for a variable period of time and then these 
fibrillary twitchings disappear. The method 
of restoration of the heart beat is not the 
same in each of these conditions and it is 
necessary to determine which condition is 
present before attempting to restore the 
beat. The first requirement, however, is not 
restoration of the beat but the moving of 
oxygen into the brain. This must be done 
before the brain centers disintegrate. As 
soon as the heart stops, action must be 
taken by the surgeon or his assistant. The 
chest is rapidly prepared for operation. An 
incision is made between two ribs over the 
precordium and the chest is opened. Costal 
cartilages, one above and one below, are 
cut across. A retractor is placed. The 
pericardium is widely opened. A hand is 
hurriedly placed on the heart and the heart 
is emptied of its blood. Active massage, 
about forty times a minute, is carried out. 
When this point has been reached the crisis 
has been passed and the need for quick 
action no longer exists. After a few minutes 
the operator observes the heart to deter- 
mine whether or not it is fibrillating. The 
lungs are inspected to make sure that they 
are coming well up with each inspiration 
and that the deflation is also satisfactorj-. 

If all is well, the heart muscle becomes pink 
and regains its tone. It ma}' start beating. 

If it does not start beating, restoration of 
the beat is the next problem to be under- 
taken. To do this some special training or 
experience is helpful. If a member of the 
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staff possesses this experience, time can be 
taken to call him for this task. 

Ventricular Standstill . Good ventilation 
of the lungs before the heart stops beating 
frequently will avert this type of failure. 
After the heart stops beating, pulmonary 
ventilation is not effective because oxygen 
is not transmitted from the lungs. Epi- 
nephrine injected into the heart through 
the chest wall might start it beating. The 
needle prick of the heart might produce a 
contraction. Compression over the pre- 
cordium is sometimes effective. But these 
steps have usually been taken before the 
heart has actually stopped and time is not 
to be taken in waiting to see whether the 
heart will start again. The heart is exposed 
for massage. 

If it does not start with direct massage, a 
small dose of epinephrine is injected into 
the blood stream. We use i cc. of a i nooo 
solution of epinephrine diluted in 10 cc. of 
sodium chloride solution and inject it into 
the cavity of the right ventricle or auricle. 
Massage is continued. This dose may be 
repeated. If the lungs are well ventilated, 
the heart will always start beating. The 
body should be kept warm with external 
heat. The heart should not be allowed to 
cool and warm saline is dripped upon it. If 
the brain revives immediately, an anes- 
thetic may be necessary while the wound is 
being closed. 

Ventricular Fibrillation. As a rule ven- 
tricular fibrillation cannot be made to 
disappear by massage and the use of epi- 
nephrine. In our experience the most 
eftective method consists in the use of pro- 
caine followed by an electric shock. Five cc. 
of 2 per cent procaine are injected into the 
cavity of the right auricle or right ventricle. 
Massage of the heart moves the drug 
through the lungs, left side of the heart, 
aorta, coronary arteries and myocardial 
bed. The eflect of the drug upon the myo- 
cardium is a reduction in its tone and a 
reduction in its irritability. The heart feels 
more flabby in the hand and it also dilates 
after the use of the drug. Large doses 
should not be used. Two large electrodes of 


metal are placed one on each side of the 
heart and a shock of one to one and one- 
half amperes is sent into the myocardium. 
The current is ordinary electric light cur- 
rent with sufficient resistance in the current 
to reduce the amperage. The current is 
made and then broken after a fraction of a 
second. The current brings the muscle 
fibers into a state of contraction. When 
they relax they may not show any move- 
ment. Not infrequently the fibers go back 
into the state of fibrillation and the shock 
must be repeated. If the heart is flabby and 
shows no inclination to contract, i cc. of 
epinephrine is used. This increases the 
tonus and the heart can be felt writhing in 
one’s hand. The heart is again shocked. It 
ought to start if conditions are right. If it 
does not start to beat, the lungs are in- 
spected to make certain that the}' are 
properly ventilated. We have also used 
I per cent calcium chloride in doses of 5 cc. 
injected into the cavit}' of the right 
ventricle. Calcium chloride and epinephrine 
each increases the tone of the heart muscle, 
reduces the degree of dilatation and stimu- 
lates the fibers to contract. These drugs 
also tend to preserve the state of fibrillation 
but this is not always true. We are cautious 
in the use of these drugs while fibrillation 
persists. However, we use either epi- 
nephrine or calcium chloride if the heart 
shows no disposition to beat after the use of 
procaine and electric shock. 

The heart can be defibrillated. These 
methods are effective. It may require 
several attempts but if conditions are 
proper, such as the amount of oxygen, the 
tonus of the heart muscle and the irritabil- 
ity, the co-ordinated beat can be restored. 

While all this is being done the bod}' 
must be kept warm by external heat. 
Mechanical respiration is continued as long 
as necessary. 

Results. Numerous reports of successful 
resuscitation are in the literature. These 
were in patients in whom ventricular stand- 
still was present. In so far as I know the 
only successful attempts to defibrillate the 
human heart were in two patients by Beck. 
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In each of these patients the respiratory 
center was dead and did not revive. A 
co-ordinated heart beat was restored in 
each of these patients but the patients were 
lost because vital centers had disintegrated 
before the oxygen system was restored. 

CASE REPORTS 

Case i. E. J,, a Negro boy, aged nine 
years, had sustained an injury to the knee. An 
operation was done to remove a fragment of 
bone from the knee joint on December 7, 1938. 
Tile anesthetic was nitrogen monoxide and 
ether. The patient was kept in a light zone of 
anesthesia throughout. At 9:15 the skin was 
being sutured and the operation was prac- 
tically completed. The respiratory" rate was 19 
per minute. At 9:20 the pulse suddenly became 
weak. Two minutes later it was impossible to 
get the blood pressure and the respiratory rate 
was 4 per minute. At 9:25 the pulse could not be 
felt. The pulse disappeared before respiration 
stopped. An intratracheal tube was inserted 
after respiration ceased, and mechanical respira- 
tion was given by the respirator. I came on the 
scene at about 9:32. Dr. J. A. Clark, the 
surgeon, stated that the pulse had been absent 
for about eight or nine minutes. This agrees 
with the time given by the anesthetist. The 
preparation of the field was done by Dr. Clark 
while I put on gloves and a gown. It required a 
few seconds to open the chest. The heart was 
massaged several times with the pericardium 
intact. The pericardium was then opened, and 
the heart was obseri’ed. The ventricles showed 
a coarse, slow tj^ie of fibrillation. The heart 
was dilated but time was not taken to deter- 
mine the degree of dilatation. Rhythmic com- 
pression and relaxation of the heart by hand 
was done for about twenty minutes. This 
mechanical circulation produced a palpable 
pulse over the temporal artery. Ne\'er did the 
wink reflex return. The pupils were dilated and 
failed to react. Heat was applied to the body. 
Five cc. of 2 per cent procaine hydrochloride 
was injected into the cavity of the right auricle. 
The circulation was kept up by the hand. Large 
electrodes were placed on the ventricle, and a 
shock of about 1.5 amperes was sent through 
the heart. Three shocks were used. They pro- 
duced forceful jerks of the body. The fibrillation 
stopped after these shocks. The heart was in 
standstill. The heart muscle was flabby in the 


hand and was without normal tonus. Epi- 
nephrine hydrochloride was injected into the 
blood through the right auricle and massage 
was continued. The heart remained flabby. 
Five cc. of I per cent solution of calcium 
chloride was injected. The heart remained 
flabby. It was then noted tliat the lungs were 
not properly inflated and that the tube was not 
in the trachea. It is probable that it slipped 
out when the patient jerked with the appli- 
cation of the electrical shock. The tube was 
inserted in the trachea and the lungs were 
properly" expanded. The inter^'al between the 
shocks and the discovery' that the tube was out 
of the trachea was about ten minutes. There 
were a few moments of good aeration and then 
the heart started up in a forceful rhy-thmic 
contraction of 70 per minute. This occurred 
at 10:12, forty-seven minutes after the pulse 
disappeared. The radial pulse was easily 
palpable. The heart was observ'ed for twenty 
minutes, and the incision in the chest was 
closed. The pulse later became weaker. There 
was no reflex at any’ time. The pulse dis- 
appeared at 12:00 o’clock. Necropsy showed no 
anatomic cause of death. 

Case u. F. B., a Negro boy’, thirteen years 
old, had ptosis of the right eyelid following an 
injury. Transplant of fascia lata for correction 
of the ptosis was carried out on July 27, 1939. 
The anesthetic was nitrogen monoxide and 
ether. As the fast silk suture completing the 
operation was about to be placed, the operator 
was informed by’ the anesthetist that respira- 
tion was not normal. At 9:22 respiration had 
ceased; the pulse rate was 30 per minute. At 
9:26 the pulse could not be obtained. An air- 
way’ was inserted into the phary’nx. Epinephrine 
hydrochloride was injected into the heart. The 
patient was placed in a Drinker respirator, but 
it was impossible to expose the heart and pro- 
vide circulation with the patient in this respi- 
rator. He -was taken out and given mechanical 
respiration by' means of the Mautz respirator. 
At 10:05 the heart was exposed by Dr. John 
Thornton, who at 10:09 began to move the 
blood by’ hand. The tone of the heart improved, 
and for forty-five seconds he obtained what he 
thought were weak co-ordinated contrac- 
tions. These were replaced by fibrillary move- 
ments. Dr. Thornton sent a current through 
the heart but it did not stop the fibrillation. 
Dr. Thornton continued to produce circulation 
by manual massage of the heart. At approxi- 
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mately 10:45 1 asked whether I would like 
to try to defibrillate the ventricles of the 
heart. I found coarse fibrillarj" movements of 
the ventricles; it was obvious to any one that 
the ventricles were fibrillating. The manual 
empU'ing of the heart expelled sufficient blood 
to produce a palpable temporal pulse. About 
2 cc. of 2 per cent procaine hydrochloride was 
injected into the blood through the right auricle. 
The heart was flabby. An electrical shock was 
sent through the heart about five times. This 
did not destroy the fibrillarj'^ movements. The 
heart was very flabby but of good color. Solu- 
tion of calcium chloride was given through the 
right auricle. This improved the tone but 
fibrillation continued. I desired to increase tone 
and irritabilitj", and, contrary to past experi- 
ence, I gave some epinephrine. This increased 
the tone and I could feel the heart squirming 
in my hand. After a few moments the heart was 
beating. Fibrillation had dropped out and was 
replaced by a co-ordinated contraction at 
1 1 :05. Epinephrine hydrochloride was given in 
an intravenous drip. The incision was closed. 
An electrocardiogram showed auricular fibril- 
lation, right bundle branch block and right 
axis deviation. The radial pulse was felt easily. 
There were no reflex responses. Mechanical 
respiration was carried out throughout. The 
pulse continued until 3:00 o’clock when it 
disappeared. 

I should like to refer to Prevost and 
BattellP for the introduction of the electric 
shock for defibrillation of the ventricles, to 
Wiggers® and to Hooker* for physiological 
studies in ventricular fibrillation and to 
Alautz® for the introduction of procaine to 
reduce the irritability of the heart. Reports 
in the literature on cardiac massage® are 
very numerous. The majority of these are 
from England and were in patients who 
were given chloroform. 
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THE TREATMENT OF INJURIES TO THE CHEST=^ 
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INTRODUCTION 

I N the present war the casualties among 
the civilian populations are so wide- 
spread it is most timel}'^ that we discuss 
chest injuries with reference to their occur- 
rence and management in modern warfare, 
as well as the treatment of them in every- 
day life. 

At the December, 1940, meeting of the 
Royal Society of Medicine, Mr. Thomas in 
his discussion quoted Hoche’s review of 
11,000,000 English, French, American and 
German wounded: 

DISTRIBUTION OF WOUNDS 


Per Cent 

Limbs.. 68 

Head, face, neck 15 

Spine and cord 4 . 

Pelvis . . 3 

Thorax 6 

Abdomen 4 

MORTALITY IN ABOVE SERIES 

Per Cent 

Total mortality 8 

^Younds of abdomen 68 

Wounds of thorax 36 

WOUND distribution AMONG 12,3,0 KILLED 

Per Cent 

Head 47 

Thorax 20 

Abdomen and pelvis . 1 1 8 

Limbs. . . .99 


The high immediate and late mortality 
of wounds of the thorax is evident from the 
above tables. Patients with injuries of the 
chest suffer from the same shock, hemor- 
rhage and sepsis as those with wounds else- 
where, plus special factors which interfere 
with their respiratory and cardiorespira- 
tory' function and reserve. These are: (1) 
air and blood in one or both pleural cavi- 
ties, frequently under increasing tension; 
(2) open pneumothorax with lung collapse, 
mediastinal flutter, paradoxical respiration 


with swing of the intrapulmonary air from 
one lung to the other and loss of the aspira- 
tory effect on the great veins with decreased 
cardiac output; (3) cardiac tamponade, and 
(4) surgical emphysema — sometimes pro- 
gressive. All of these features become 
accentuated in older people and in those 
with existing lung or heart pathology. 

As mentioned in previous papers, since 
all injuries of the chest imply a potential 
pleural, lung or heart involvement the 
respiratory! mechanism should be con- 
sidered as consisting of three components: 
(i) The purely! volumetric or spatial at- 
tributes of the thoracic cage, bronchial tree 
and lungs: their structure, vital capacity!, 
tidal and reserve air, and the role they play 
in pulmonary ventilation; (2) the intrapul- 
monary function of gas exchange, and (3) 
the very! important cardiopulmonary! rela- 
tionship. The two primary! principles, 
therefore, in treating these wounds are, 
Jirsl the immediate treatment of the shock 
and hemorrhage by the proper administra- 
tion of fluids — whole blood, plasma or 
serum, and cry'stalloids — together with the 
use of 1 00 per cent oxygen, and, second the 
restoration and maintenance of the normal 
anatomy and physiology of the cardio- 
respiratory' mechanism as soon as this is 
possible. Depending upon the individual 
case and the conditions presenting as in 
active hemorrhage, extensive wounds of 
the thoracic wall and wounds of the heart 
and pericardium, the treatment of shock 
and hemorrhage and of the injury itself are 
carried out simultaneously. 

GENERAL TRE.A^T.MENT OF INJURIES 

Before taking up specific types of wounds 
certain basic factors of treatment should be 
understood. First, almost all patients with 


* From tbc Dcp.nrtmcnt of Surpcrx", Columbia University, Bellevue Hospital, New York City. Presented before 
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wounds of the thorax suffer from shock and 
some also from hemorrhage. If there is a 
sucking wound present, this should be 
promptl5' sealed with a sterile pad strapped 
snugly in place, or, if this is not available, 
with anything at hand. Hemorrhage from 
intercostal vessels or the parietes may be 
temporarily controlled by a mushroom type 
of pack which is inserted into the wound 
and pulled outward, thus exerting pressure 
from the inside. The Shaeffer method of 
artificial respiration should be used with 
care as the manipulation may cause further 
injury to the chest wall or lungs. The legs 
should be elevated to combat shock and the 
patient transported in the Trendelenburg 
position unless it is evident that this causes 
respiratory embarrassment, in which case 
the head of the stretcher should be slightly 
elevated. The patient should be placed in 
bed with the head slightl5'^ elevated and as 
soon as possible a transfusion of whole 
blood or plasma given and 100 per cent 
oxygen administered. This may be done 
by the use of a B L B (Boothby, Love- 
lace, Bulbulian) type of mask, an oxygen 
tent if available, or failing these, nasal 
oxygen by catheter, or if necessary by 
attaching an anaesthesia bag over the 
canister of a gas mask or respirator and 
connecting this with an oxygen tank, as 
suggested by Marriott, Four or five liters a 
minute may be comfortably given by nasal 
catheter and about eight or nine liters with 
the B L B mask or the transformed respira- 
tor. Of these the catheter method is least 
effective. Morphine should be used as 
needed to allay pain and fear. It should not 
be given in such dosage as will depress 
respiration or productive cough, however, 
for the maintenance of good pulmonary 
ventilation and the ability to cough up 
secretions is essential. In the case of rib 
fractures, particularh’^ when they are multi- 
ple, injections of 2 to 5 per cent novocaine 
into the intercostal nerves paravertebrallj'^ 
or at the site of fracture are most effective 
and may be repeated as necessary. 

Almost coincident with the above gen- 
eral measures an accurate history should 


be obtained, postero-anterior and lateral 
x-rays of the chest taken in as near an 
upright position as possible and a careful 
physical examination made with certain 
rather general findings in mind. Any asym- 
metry, deformity, fulness or unequal mo- 
tions of the chest should be noted. Also the 
position of the trachea, the apex of the 
heart and cardiac dulness and the level of 
dulness from fluid in the chest should 
be ascertained. Auscultation is important 
especiall}' with reference to the heart and 
the possibilit}’^ of cardiac tamponade, and 
likewise for the detection of intestinal 
sounds in the chest, as well as the signs of 
fluid or air in the pleural cavity. Blood 
pressure determinations should of course be 
obtained. Not infrequently^ the abdomen is 
held rigidly in wounds of the lower chest 
and here the decision must be made as to 
whether or not there is accompanying in- 
tra-abdominal, renal or spinal injury, some- 
times an extremely difficult differentiation. 

WOUNDS REQUIRING IMMEDIATE 
OPERATION 

There are certain indications for imme- 
diate operative Intervention, the most 
urgent of which is a wound of the heart 
with acute cardiac compression. This is first 
suggested by wounds close to the sternum 
and the diagnosis is made by (i) a falling or 
absent blood pressure, (2) distended veins 
of the neck with increased venous pressure, 
and (3) a silent heart by auscultation and 
by fluoroscopy. The patient also presents a 
rather grayish cyanosis. Prompt interven- 
tion is urgent with repair of the cardiac 
wound and thorough irrigation with warm 
saline, a transfusion of blood or plasma and 
oxygen therapy. Opening of the pleura is to 
be avoided and the wound is carefully 
closed. Aspiration of the pericardium may 
be tried as a temporary expedient to relieve 
the tamponade although one must remem- 
ber that such relief of tamponade may 
permit active bleeding again from the 
wound in the heart. The sulfonamides 
should not be used directly^ in the peri- 
cardial cavity because of the marked fluid 
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response they provoke when emploj'cd 
locally in serous cavities or in the tissues. 

Progressing hemorrhage requires opera- 
tion, Generally, this is due to injured inter- 
costal or internal mammary vessels, less 
often to trauma of the lung itself. Lung 
wounds, after the initial loss of blood, usu- 
allj- seal themselves because of the resulting 
collapse of the lung and the pneumohemo- 
thorax which ensue. Occasional!}', however, 
if one of the larger vessels is damaged, open 
thoracotomy and suture or resection of the 
affected lobe may be required. Wounds of 
entrance and exit should be carefully 
explored so that the intercostal vessels may 
be carefully inspected as these are the usual 
sources of persisting hemorrhage. Foreign 
bodies and fragments of bone should be 
completely removed, the rib ends left 
smooth, the wounds debrided and the chest 
closed. Closed intercostal drainage should 
be established with suction up to 12 cm. of 
water if possible. If available, sterile 
sulfanilamide or sulfathiazole powder may 
be left in the pleural cavity and soft parts 
in 6, 8 or 10 Gm, amounts as prophylaxis 
against infection. 

Sucking wounds of the chest demand 
immediate operation. The same meticulous 
wound toilet should be performed as just 
described. If the defect cannot be entirely 
closed, the muscles and skin should be 
drawn together as well as possible, the lung 
sutured snugly into the remaining opening 
and dependent closed drainage established 
(Barrett). A sterile vaseline gauze dressing 
is applied over the wound and strapped 
firmly in place so as to provide an aseptic, 
airtight covering. 

Compound fractures of the ribs and 
wounds of the soft parts of any magnitude 
require debridement and closure if seen 
within the first eight hours. If there is any 
question about the wisdom of primary 
closure, the muscles may be sutured and 
the skin left open about a sterile vaseline 
gauze pack and later a secondary suture 
used if necessar}'. If large or grossly con- 
taminated foreign bodies are present in the 
pleural cavity or lungs, they should be 


removed as soon as practicable as they are 
prone to cause hemorrhage and infection. 
If an injury to the diaphragm is suspected 
or if one is found in the course of wound 
exploration for one of the above reasons, 
the wound in the diaphragm should first be 
enlarged and the upper abdominal viscera 
e.vamincd for injury; only after this has 
been done should the diaphragmatic rent 
be repaired. Depending upon the amount 
of intraperitoneal damage it may or may 
not be necessary to open the abdomen as 
well as the chest. 

In the convalescence from these proce- 
dures reliance is placed first on ample 
oxygen therapy and transfusions, then on a 
full diet rich in vitamins and on the sulfon- 
amides for pneumonia or infection. A free 
airway and lung ventilation is of the utmost 
importance in the prevention of atelectasis 
and pneumonia. If the patient is unable to 
get rid of accumulated secretions, these 
should be aspirated as often as required by 
a catheter passed through the nose into the 
trachea and suction applied. This simple 
procedure may eliminate the need for 
bronchoscop}' or may be used to supple- 
ment it. Fluid collections must be looked 
for and removed and the drainage tube 
kept open. Every effort should be made to 
facilitate early re-expansion of the lung and 
restoration of the individual to normal. 
Fluid accumulations, sepsis, pneumonia 
and secondary hemorrhages are the most 
common complications. In the absence of 
infection we have found suction up to 12 or 
15 cm. of water an aid in re-expansion of 
the lung. If this is not available, the cavity 
may be washed with oxygen and the drain- 
age tube then clamped for twelve to 
twenty-four hours and the process repeated. 
As the o.xygen is absorbed an increasing 
negative pressure develops with resultant 
puli on the lung. If the lung expands well 
and there is but a small amount of serous 
drainage, the tube may be removed in a 
week. If sepsis develops, however, wide 
open drainage is established as soon as 
walling off has occurred sufficient to stabi- 
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lize the mediastinum. The cavity may be 
packed for a few days or suction may again 
be established. This helps keep the dress- 
ings dry, and, with dressings closely applied 
about the tube, will maintain an increasing 
degree of differential pressure. The presence 
of a bronchial fistula in no wise contra- 
indicates the employment of suction. Later 
in the convalescence, physiotherapy and 
breathing and postural exercises are exceed- 
ingly helpful in restoration of the mobility 
of the thorax and expansibility and expan- 
sion of the lung, thus preventing fibrosis of 
both lung and pleura, scoliosis and deform- 
ity of the thoracic cage. 

HEMOTHOR.AX 

According to Edwards and Davies about 
70 per cent of all chest wounds are com- 
plicated by hemothorax. This was the topic 
of an entire evening’s discussion by the 
Royal Society in December, 1940. All 
agreed that when it is present with wounds 
like those just described debridement and 
thoracotomy is the indicated treatment. 
Frequently it occurs following crushing in- 
juries of the chest with simple rib fractures 
and almost always it accompanies penetrat- 
ing gunshot wounds and then may be 
called a “compound” hemothorax. In civil 
life these penetrating wounds are com- 
monly made by small objects such as ice- 
picks, small knives or bullets; in war they 
usually result from bullets and shell frag- 
ments. A compound hemothorax with small 
clean wounds of entrance and exit as from 
rifle or machine gun bullets and small 
penetrating shrapnel fragments or stab 
wounds, should be treated like a simple 
closed pneumothorax, ^^''e have preached 
this for many years and I have referred to 
it in two previous articles. The important 
principle of therapy is aspiration with air 
replacement. \\’eeks, in his work with the 
New York police force, corroborates this, 
for he found that seventy-six gunshot 
wounds of the chest, treated without or 
with late aspiration, had a 26 per cent 
mortality, whereas in seventeen treated 
with early aspiration and air replacement 


there was no mortality, complete lung re- 
expansion in all and early return to duty. 
The unanimous opinion of this meeting of 
the Royal Society was in favor of this 
method of handling these cases and a simi- 
lar opinion was recently expressed by 
Bumm, in Germany, When blood is present 
in the pleural cavity, an immediate inflam- 
matory reaction of the pleura is produced 
with congestion and edema, copious fluid 
secretion and deposition in fibrin on both 
the parietal and visceral surfaces. This 
collection of blood and fluid increases the 
danger of infection, atelectasis and pneu- 
monia. It absorbs slowly and unevenly 
with frequent loculations and sometimes 
the lung never completely re-expands. The 
result is an incapacitating fibrothorax, 
occasionally with deposition of calcium, 
with deformity of the chest and marked 
dysfunction of the affected lung from 
fibrosis, compensatory emphysema of the 
opposite lung and displacement of the 
mediastinal structures to the affected side. 
Thus the spatial and cardiorespiratory 
components of cardiopulmonary function 
may be severely damaged and such pa- 
tients become permanently incapacitated. 
(Fig. I.) 

After the initial treatment of the shock 
and hemorrhage, dyspnea and ct'anosis due 
to tension pneumothorax or fluid accumula- 
tion with mediastinal displacement must be 
relieved by repeated aspirations or the 
establishment of closed drainage. Roent- 
genograms should be made in the upright 
position and in interpreting these it is well 
to remember that the diaphragm on the 
affected side is usually elevated and that 
blood clot and air occasionally give a 
picture resembling coils of intestines, 
Livingstone suggests giving a glass of water 
with 4 Gm. of sodium bicarbonate before 
the .Y-ray to outline the diaphragm more 
clearly when the lesion is on the left. Bar- 
ring emergency aspiration the chest should 
be aspirated in from twelve to forty-eight 
hours, and all the fluid removed and re- 
placed with an equal amount of air. Such 
aspiration is threefold in purpose; (i) It is 
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— Sterile or infected — for this is a source of 
future trouble and loss of function. The 
lung and chest wall imist be brought into 
complete apposition by full expansion of 
the lung if possible. If this fails, a decor- 
tication or collapsing operation on the 
chest wall should be performed. An unex- 
panded pneumothorax is a potential source 
of trouble and should never be allowed to 
remain. 

NONPENETR.A.TING WOUNDS 

Nonpenetrating wounds of the chest may 
vary in extent from slight contusion of the 
chest wall to extensive crushing with multi- 
ple rib fractures and tear of the underlying 
lungs. Such injuries are common among 
persons buried in debris, in aviation acci- 
dents and in sudden crushing injuries as 
when the victim is caught between a truck 
and a wall. Even simple contusion may 
cause an accumulation of clear fluid or an 
underlying atelectasis or pneumonia. Such 
sequelae are more likely in the aged or in 
those with existing pulmonary pathology. 
If ribs are fractured and the lung torn, a 
traumatic tension pneumothorax may de- 
velop rapidly and demand prompt relief. 
Frequently a hemothorax appears which 
should be evacuated and treated as already 
outlined. Subcutaneous emphysema is com- 
monly present and usually absorbs spon- 
taneously; if, however, it becomes so 
extensive in the neck as to endanger res- 
piration, incisions should be made in the 
lower neck and the carotid sheaths opened. 

Flying objects with violent impact on 
the chest wall may cause serious hemor- 
rhage and laceration in the lung directly 
beneath the blow. Following a severe crush- 
ing of the chest there may be multiple 
rib fractures, which Barrett calls the 
“stove-in” type. These injuries may be 
complicated by a traumatic asphyxia or an 
acute dilatation of the stomach with inabil- 
ity to get rid of the vomitus, which in turn 
favors the development of pneumonia and 
pulmonary suppuration. In this compres- 
sion asphyxia the lesions may be sym- 
metrical in both lungs with generalized 


congestion, some edema and small sub- 
pleural hemorrhage and sometimes em- 
physema along the lines of the ribs; or 
there may be laceration or fracture of the 
trachea, bronchi or lungs. 

I have recently had under my care a 
patient who sustained a fracture of his right 
main bronchus following a severe crush of 
his chest five years previously. This re- 
sulted in an almost complete atresia of the 
bronchus with repeated attacks of acute 
suppurative pneumonitis. The old fracture 
was demonstrated at operation. A subtotal 
pneumonectom}' and later a thoracoplast}”^ 
were performed with recovery. In all such 
injuries adequate pulmonary- ventilation is 
best maintained by strapping the affected 
side to allay pain and control paradoxical 
respiration, injecting the intercostal nerves 
with novocaine to promote free respiration, 
and oxygen therapy of 6o per cent or more. 
Intra-abdominal or retroperitoneal lesions 
should always be looked for and may be 
extremeh’ difficult to exclude because a 
rigid abdomen is common to all. Also, blunt 
cardiac trauma should always be suspected 
in these injuries and careful note made of 
pain distribution, blood pressure, qualit}' of 
heart sounds, rh3-thm and murmurs, and 
electrocardiograms should be made at fre- 
quent intervals if possible. If evidence of 
heart injury is found, absolute rest and 
oxygen therapy should be instituted just as 
in the treatment of coronary’- thrombosis. 

BLAST INJURIES 

In the English literature considerable 
attention has been given to the blast injury 
or concussion and cases have been reported 
in detail by Dean and Thomas, Falla, 
Fallon, and Hadfield and Christie. The 
first experimental work was reported in 
1924 by Hooker, who said bruising and 
rupture of the lungs “were the single gross 
lesions found postmortem after exposure 
to air concussion due to gun-blast or 
high e.xplosive.” Blast produces a sudden 
marked fall of arterial and venous pressures 
and a later washing out of venous carbon 
dioxide. Since the onset of the present war 
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further studies have been made under the 
direction of the Home Office by Barcroft 
with goats, and by Zuckerman with mice, 
pigeons, guinea pigs, rabbits and monkeys. 

Zuckerman’s work is of sufficient interest 
to report in detail. He used a seventy 
pound charge of high explosive and first 
explains the physics of a blast. Blast con- 
sists of two waves, a compression wave that 
lasts 0.006 seconds and a suction wave of 
0.03 seconds. All pressures are, of course, in 
excess of the normal atmospheric pressure 
of fifteen pounds per square inch. The blast 
wave consists of a shell of compressed gas 
increasing ver}^ rapidly in radius — 1500 
feet a second at thirty feet for a sixty pound 
charge. There is an additional wind pres- 
sure exerted by this shell of gas only in the 
direction of its motion; hence any surface 
not directl}’^ in its path is subject just to the 
compression wave. This wave of pressure is 
highest in the region of the explosion and 
falls rapidly. At fifteen feet from a 125 
pound charge the compression wave carries 
a pressure of 200 pounds. Close to the 
explosion the wind pressure ma}' be as 
great as the pressure of the charge itself but 
it falls more quickly with distance. Thus 
everything in the immediate neighborhood 
of a big bomb is suddenly exposed to a 
wave of many times the atmospheric pres- 
sure, whereas at fifty feet this will be only 
two or three atmospheres and at 100 feet 
only a fraction of an atmosphere. The 
velocity and duration of the pressure wave 
is such that a human body will be com- 
pletelj' immersed in it. The suction wave is 
much weaker and can never exceed fifteen 
pounds per square inch, which is a perfect 
vacuum. The magnitude of the pressure 
and suction vary directly with the amount 
of explosive. If an object is not blowm apart 
by the wind and compression waves, it may 
then be attracted to the center of the 
explosion b}'^ the weaker and longer suction 
wave. 

If the victim of a bomb explosion is not 
blown apart he may be injured in three 
ways: (i) by being hit by masonry, frag- 
ments or fijung objects, (2) by being vio- 


lently thrown, or (3) by the effect of the 
blast wave without being thrown. This 
last is the true blast injurj' or concussion in 
which there is no sign of any external 
injurj-^, and even in this group Roberts 
warns of confusion with carbon monoxide 
poisoning. 

In his work with animals with the 
seventy pound blast Zuckerman found that 
no animals died that were more than 
eighteen feet from the explosion and none 
more than fifty feet distant was injured. 
Furthermore, there was no sign of e.xtemal 
injury in any of the animals e.xamined. The 
outstanding pathological condition con- 
sisted of hemorrhages in both lungs and in 
all lethal cases blood was present in the 
bronchial tree and air passages. The blood 
came from torn alveolar capillaries as a 
rule. There was bruising or tearing of the 
lungs in the lines of the ribs, this bruising 
extending for a short distance into the 
parenchj'ma. Zuckerman concluded that 
these pulmonary lesions are caused by the 
pressure component of the blast by its 
impact with the bodj' wall. This conclusion 
was based on the type of lesions found and 
further on the fact that animals encased in 
thick sponge rubber suffered little damage 
from the blast compared with their con- 
trols; also animals with one-half of their 
bodies protected b}" rubber sustained these 
lesions only on their unprotected sides 
when thej^ were exposed with this side 
facing the blast and not on the protected 
side when this was the side e.xposed to the 
blast. 

In the clinical cases similar findings have 
been recorded. After blast concussion 
symptoms may be delayed in appearance 
up to two to five daj's and consist of tachy- 
cardia, restlessness, dyspnea and cough 
with blood-tinged sputum. The signs are a 
fulness of the lower chest with diminished 
movement of the dipahragm, some spastic- 
ity of the upper abdomen, dulness and 
rHes at the base of the lungs and a loss of 
translucencj' by -v-ray with evidence of 
diminished rib expansion. The treatment is 
absolute rest, sedation and oxj^gen therapj'. 
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TRANSPORTATION 

In all of these patients with chest injur3' 
the possible risks of transportation should 
be recognized and weighed. The decision 
must be made with due regard to the per- 
sonnel and facilities for caring for them. 
Emergenejf therapy* includes the initial 
measures for shock and hemorrhage and 
then an appraisal of the problem at hand as 
to whether immediate or earlj* surgerj^ is 
indicated, whether hemothorax should be 
relieved with air replacement or observa- 
tion and expectant treatment should be 
instituted. Here the question of transport 
enters. It is evident that these patients will 
have a better prognosis and fewer com- 
plications if the3' can be treated in institu- 
tions or centers familiar with and equipped 
for the care of thoracic surger^'^ and trauma. 
In war organization such centers can be 
formed both for the reception of such 
injuries and for consultation and instruc- 
tion. In civil life, for the more complicated 
patients, well equipped hospitals should be 
utilized and the aid of those interested in 
thoracic surgerj- sought. 

ANESTHESIA 

In all surgerj^ of the chest anesthesia 
plaj's a most important role; this is particu- 
larlj- true in wounds in which it maj'^ be 
imperative to carrj- out a major procedure 
upon a person suffering from hemorrhage 
and in shock. Induction must be quiet, 
abundant oxj-gen must be supplied, effec- 
tive respiration must be maintained with a 
free airwaj* and bronchial secretions must 
be promptly- removed. The anesthetist 
should, in addition, assume the manage- 
ment of the patient during the operation 
advising as to the extent of the procedure 
and the need of blood and other fluid. A 
quiet induction is best assured first, bj" 
proper sedation with morphine and scopol- 
amine and perhaps a barbiturate given 
one-half hour previously-. Intravenous pen- 
tothal sodium is also an excellent method of 
rapid and quiet induction. The agent itself 
may- be selected from ether, chloroform. 


cyclopropane and ethy-lene. Of these ether 
is the safest and best. Both ether and 
cyclopropane can be used with a high 
percentage of oxygen but ether is less 
depressing, less liable to accident, is safer 
except with a person thoroughly- familiar 
with cyclopropane, and, if properly^ ad- 
ministered, should produce little if any" 
more irritation. In war and for mobile units 
ether and chloroform have the further 
advantage of greater adaptability" for 
supply", storage and transportation. The 
method of controlled respiration with car- 
bon dioxide absorber technic is strongly" 
recommended (Nosworthy"). An intratra- 
cheal tube inserted under direct vision, or 
as a Magill tube through the nose, is ad- 
vised but is not essential as in these cases 
secretions are usually" not a problem; hence 
an ordinary" intraphary"ngeal airway" will 
often suffice. Intratracheal anesthesia, how- 
ever, should be employ"ed when possible, 
and in any" event for all but emergency 
procedures. This assures better control of 
respiration and a free airway" with the 
ability" to aspirate secretions completely". 
There should be an airtight fit between 
mask and face so that the control of 
respiration may" be taken over entirely" by" 
the anesthetist. This permits normal phy"si- 
ological respiration to occur even with the 
chest wide open and completely" abolishes 
paradoxical respiration and mediastinal 
flutter. It also insures a plentiful supply" of 
oxy"gen, the removal of carbon dioxide and 
quiet respiration. HyperA"entilation hinders 
the work of the surgeon and may be harm- 
ful both locally" to the wounded lung and 
generally" in the washing out of carbon 
dioxide and accentuation of shock. Con- 
trolled respiration likewise allows occa- 
sional inflation of the lung during operation 
and re-expansion of it at the completion of 
the procedure. An elaborate apparatus is 
not required for this anesthesia technic and 
while an absorber is helpful it is not essen- 
tial. All that is really" necessary" is an air- 
tight mask with the bag kept not quite 
fully- distended; this will then permit of 
control of the respiration by" rhy-thmic hand 
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pressure on the bag. Oxygen therapy should 
be maintained for at least twenty-four 
hours postoperatively. It might be pointed 
out here that many restless and apparently 
delirious patients will frequently respond 
most dramatically to oxygen therapy alone 
for serious anoxia may exist without any 
cyanosis or dyspnea, particularly in the 
presence of anemia. 

SUMMARY AND CONCLUSIONS 

Wounds of the chest and their treatment 
have been discussed. Almost all are accom- 
panied bj"^ some shock. This and hemor- 
rhage when present should be treated 
before anj^thing else is attempted. 

Immediate operative intervention is 
indicated for wounds of the heart and 
pericardium, progressing hemorrhage and 
sucking wounds of the chest. Early opera- 
tion is also indicated in compound rib 
fractures, moderate and large wounds of 
the soft parts, large or infected foreign 
bodies and possibly wounds of the dia- 
phragm. Simple perforating wounds, unless 
accompanied by hemorrhage from an inter- 
costal or internal mammary vessel should 
not be operated upon. Tension pneumo- 
thorax should be promptly relieved and 
subsequently fluid and air removed as 
indicated. 

Traumatic hemothorax should be treated 
by aspiration and air replacement. Expect- 
ant treatment is to be condemned. Opera- 
tion may be required later for sepsis, foreign 
body or organizing blood clot. 

Crushing and nonpenetrating wounds of 
the chest are discussed. The treatment is 
primarily conservative with strapping, 
sedation and novocaine injection of the 
intercostal nerves. Severe lung or bronchial 
injuries should be suspected and ma5'- 
require surgery later. Contusion of the 
heart, rupture of the diaphragm and intra- 


abdominal injur}^ should likewise be borne 
in mind. 

Blast injury or concussion is considered 
in detail. The injurjf is probabty a direct 
contusion of the lungs from the compres- 
sion wave of the blast, similar to a very 
severe blow on the chest. 

The problem of anesthesia is discussed 
and an ether-high oxygen mixture adminis- 
tered by the closed system technic with 
controlled respiration and intratracheal 
intubation recommended. 
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RECENT EXPERIENCE WITH WAR 
WOUNDS OF THE CHEST 


J. E. H. Roberts, o.b.e., f.rj 

ST. ALBANS, 

D uring the latter part of the last 
war, much interest became focused 
on wounds of the chest owing to the 
new conception that thoracic injuries 
should be treated on the same principles as 
wounds elsewhere in the bod3L The con- 
clusions reached as a result of this fresh 
outlook have been fulh* described (Duval, ^ 
Gregoire and Courcoux," Gask,® etc.). 

During the subsequent 3^ears of peace, 
stead}' progress was made in thoracic sur- 
ger}'. It is, therefore, important that we 
consider in what wa}' this advance has 
influenced the treatment of chest casualties 
since the disastrous outbreak of further 
hostilities. The prelude to the present vast 
conflagration occurred in Spain and those 
responsible for the care of chest wounds in 
the war of 1939 natural!}' sought the experi- 
ences of the surgeons who treated the 
Spanish casualties. Jolly* leaves the impres- 
sion that few primary intrathoracic opera- 
tions were performed for he states that 
“the outlook for all cases requiring an 
intrathoracic operation is grave” and “a 
lung abscess developing later in a living 
man is to be preferred to an aseptic thoracic 
cavitv in a dead one.” In general, JoIIv 
recommends the conservative treatment in 
vogue during the early phases of the 1914 
war. It appears, therefore, that no advance 
In the care of thoracic wounds evolved from 
the Spanish Civil War. 

Although a considerable amount has 
been written on chest wounds since the out- 
break of the present W'^ar, most of the 
opinions expressed are based on experiences 
of over twenty years ago (Tudor Edwards,^ 
etc.). This is partly due to the fact that 
military casualties have been mercifully 
few and that chest wounds in civilians 
resulting from aerial bombardment tend to 
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be severe and often result in death before 
reaching the hospital. Compared, therefore, 
with the almost astronomic number of 
casualties dealt with in the Great War, the 
experience derived during the last two 
years has been very limited. However, it is 
not proposed in this communication to 
re-state the generally recognised features of 
war wounds of the chest but to consider any 
new factors which have arisen and to what 
extent the last two years have modified or 
confirmed the 1920 conceptions. 

Personnel. If Duval’s results with tho- 
racic wounds are compared with those 
obtained in the latter part of the last war 
from large sections of the British Army 
(figures quoted by Gask®), it seems at first 
doubtful if the general adoption of Duval’s 
policy of frequent early surgical interven- 
tion in penetrating wounds was justified. 

There are many factors which influence 
individual group results, in particular the 
nature of the missiles being used and the 
condition of the soil and men’s clothes. But, 
after adequate allowance has been made 
for these factors, there remains a discrep- 
ancy in results which is at first confusing. 
This discrepancy is readily explained by 
the fact that there are very large numbers 
of general surgeons with excellent training 
but less than 5 per cent are accustomed to 
thoracic work. It would be futile to pass 
comment on this fact if it did not have a 
direct practical bearing on the treatment of 
chest injuries. Apart from the obvious con- 
clusion that war calls for a higher percent- 
age of thoracic surgeons and that those 
existent should be organized into readily 
available teams, it must also be clear that 
the treatment of many individual cases 
must depend upon the thoracic training of 
the surgeon and, in addition, upon the 
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facilities for the after-care of such cases. A 
patient with a penetrating wound ma^' 
have better prospects of recovery with 
conservative treatment if those conversant 
with this region are not available. 

Transportation. It is usually stated 
that the general condition of patients 
suffering from thoracic injury suffers very 
severely from transportation. When the 
wounded, untreated e.vxept for the applica- 
tion of dressings, reached England during 
the evacuation of France, it was thought 
that patients with severe chest wounds 
would be unlikel}^ to survive the journey; 
yet there were a number who did and the 
general condition of man}’^ was not too bad. 
When the bombing of London started, 
chest casualties were admitted to many 
hospitals scattered over the Metropolitan 
area. A decision had to be made in each 
case whether the best chance would be 
given to the patient bj^ operation at the 
hospital of admission (where he would have 
to be retained for several days after opera- 
tion) or by transfer to one of the chest 
units stationed in hospitals some twenty 
miles outside the center of the city after 
adequate resuscitation. As time passed, it 
became a routine (with few exceptions) 
to advocate retention at the primary hospi- 
tal for those who did not require early open 
operation, e.g., crushing injuries, and the 
transfer of those who did, as soon as mor- 
phia, warmth, blood transfusion, etc., had 
overcome the initial shock. The only local 
measures taken prior to transfer were 
prevention of sucking in open pneumo- 
thorax cases and the control of obvious 
external hemorrhage. The patients suffered 
very little from the journey. In two cases — 
a girl of twelve with a thoraco-abdominal 
wound involving the liver from which she 
was still bleeding, and a boy of seventeen 
with the internal mammary artery severed 
and bleeding into the pleural cavity — it 
would have been preferable to continue the 
transfusion during the journey; but, in 
spite of not doing so, neither patient 
deteriorated except for a slight further rise 
of pulse rate. Patients are distressed by 


movement in bed or from bed to stretcher 
and vice versa; but, if this is carefulty done 
and the patient made comfortable on the 
stretcher with the trunk raised to 30 
degrees to the horizontal, the journey itself 
is well tolerated provided the driver 
realizes the nature of his cargo. 

We would, therefore, recommend the 
transportation of patients requiring pri- 
mar}' operation to a hospital where there 
are proper facilities for treating them, 
expecially as postoperative care is fre- 
quently more important than the operation. 

“Blast” or Pulmonary Concussion. Dur- 
ing the 1914-1918 war, it was noted on 
many occasions that men might be found 
dead in the immediate vicinity of an explo- 
sion without external evidence of injury. 
No satisfactor}' explanation of this phe- 
nomenon was provided although massi\x 
pulmonary collapse (Lockwood®) and acute 
carbon-monoxide poisoning were suggested 
as possible causes. At the onset of this war, 
Phillips' stated that he had performed 
many postmortem examinations on miners 
found dead as a result of explosions in the 
South African gold mines and discovered 
multiple scattered intrapulmonary hemor- 
rhages. Zuckerman®’® then published the 
results of his e.xperimental work on animals 
showing that the positive pressure wave of 
an explosion, acting directlj' on the chest 
and abdominal walls, maj^ produce exten- 
sive diffuse intrapulmonary hemorrhage. 
This was found to be the most consistent 
autopsy finding in animals dead as a result 
to exposure to “blast.” Hadfield^® and his 
co-workers later confirmed these findings in 
man from their examination of victims of 
aerial bombardment. 

Clinically, very few patients have been 
recognized as suffering from this condition. 
It would appear that, in man, there is only 
a very small margin between immediate 
death and complete escape from “blast” 
injury. Alternatively, the cases have not 
been recognized owing to ignorance of the 
symptoms and signs but this is improbable 
as there are many obseixxrs who have been 
only too ready to make the diagnosis. 
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At present, it can only be stated that 
pulnionarj' concussion should be suspected 
in any patient found close to the site of an 
explosion, particularh" if there is cyanosis, 
marked shock, dyspnea, diffuse chest or 
abdominal pain, scattered pulmonary rMes 
or abdominal rigidity unaccounted for by 
any other injury. From the surgical stand- 
point, two observations are worthy of 
stress: First, generalized abdominal rigidity 
of such degree as to precipitate exploratory 
laparotomy has been observed by O’Reilly" 
and others; this is probably accounted for 
by associated hemorrhage into the inter- 
costal spaces which causes irritation of the 
intercostal nerves. Second, there is evidence 
that the hemorrhage continues for some 
time after the injury. Inhalation anes- 
thesia, which might otherwise be required 
for treatment of co-existent injuries, should 
therefore be avoided if possible. 

Closed Injuries. Since the aerial bom- 
bardment of the civilian population started, 
the proportion of closed to penetrating 
injuries has steadily increased, presumably 
as a result of the population taking more 
adequate protection. Damage to the viscera 
with the thorax without fracture of the 
bony framework is well recognized, particu- 
larly in children owing to the elasticity of 
their chest wall. We have seen three cases 
of closed traumatic pneumothorax and 
three cases of gross pulmonary contusion 
in the absence of fractured ribs. Similarly, 
visceral damage may occur when a missile 
penetrates the soft tissues overlying the 
thoracic skeleton. For this reason, hemop- 
tysis is not always evidence of penetration 
of the chest wall. 

As regards the diagnosis and treatment 
of closed fractures of the thorax, there is 
little to add to the generally accepted 
\"iews. Provided adhesive strapping used to 
splint fractured ribs extends at least 3 
inches bex'ond the midline anteriorly and 
posteriorly, there appears to be no neces- 
sity for encircling the entire chest which has 
the disadvantage of diminishing the func- 
tion of the opposite lung. We have found 
this to be true with fracture of as many as 


eleven ribs on one side and with severe 
degrees of “stove-in” chest where part of 
the chest wall moves paradoxically. Theo- 
retically, inelastic strapping provides the 
best splint but, in practice, elastoplast or 
its equivalent can be put on more evenly, 
remains in the applied position longer and 
can be made to give equal support if 
slightly stretched. Strapping should be 
postponed if the patient is severely shocked 
as the movement entailed in its application 
may result in dangerous exacerbation of 
the circulatory depression. During the 
period of recovery from shock, the patient 
should be rolled slightly towards the af- 
fected side so that respiratory movement is 
limited on this side and any paradoxical 
movement is minimal unless situated 
anteriorly. 

Rib fracture with gross displacement of 
the fragments may be associated with 
damage to the intercostal vessels giving 
rise to progressive intrapleural hemorrhage 
which may necessitate surgical exploration. 
Serious damage to an upper abdominal 
viscus may indicate laparotomy. With 
these two exceptions, it is probable that 
closed fractures of the ribs even when there 
is gross comminution and displacement of 
the fragments, are best treated conserva- 
tively, i.e., simply by strapping. We have 
treated all such cases, including those with 
evidence of pulmonary damage, in this 
way and have been surprised at the excel- 
lent functional end results. If the patient 
develops a hemothorax which is not prog- 
ressive, the blood should be aspirated (with 
air replacement if necessary). The escape of 
air from the lung into the pleural cavity 
may be ignored unless giving rise to respira- 
tory distress. In the latter case, the pneu- 
mothorax tension is most easily relieved by 
inserting a short wide-bore needle into the 
pleural cavity and connecting it by rubber 
tubing to a “water-seal” drainage bottle. 

Brock^- has drawn attention to the occa- 
sional occurrence of acute dilatation of the 
stomach in crushing injuries to the chest. 
Even if there is no vomiting, this complica- 
tion should be considered when the pa- 
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tient’s general condition is much worse 
than can otherwise be accounted for. If the 
lower part of the left side of the chest is the 
site of in jur}-, delayed rupture of the splenic 
capsule is a possible contingency. One of 
our patients developed massive intraperi- 
toneal hemorrhage on the ninth day. 

Diaphragmatic herniation should un- 
doubted!}^ await surgical cure until the 
patient has otherwise made a complete 
convalescence. 

Sternal fractures may occur apart from 
those resulting from direct trauma. We 
were forcibly reminded of this when a 
convoy of wounded men was received after 
escaping over the cliffs at St. Valery in 
France. The chief complaint of three of the 
men was pain on breathing and they were 
accordingly allocated to the thoracic unit. 
After admission, e.xamination revealed a 
transverse fracture of the sternum, in each 
case complicating crushing fractures of the 
vertebral bodies which had resulted from 
their jump from the cliff top. 

Penetrating Wounds. In the absence of 
pleural penetration, there is no comment to 
make on the well established principles of 
treatment formulated twenty years ago. 

Hemothorax. In patients who do not 
require primary operation except for exeb 
sion of entry and exit wounds, e.g., 
through-and-through bullet wounds, pene- 
tration by very small fragments of shell or 
bomb casing, the treatment of a hemo- 
thorax has been revised during the last two 
years. In the past, it was customary to 
await absorption of the blood unless the 
bleeding was progressive or causing respir- 
atory distress from pressure. The disadvan- 
tages of such expectant treatment are: (i) 
.An excellent bacterial culture medium 
remains in the pleural cavity thus en- 
couraging infection and, if it occurs, the 
consequent empyema is frequently very 
large. (2) Absorption of the blood is often 
slow and the deposition of fibrin on the 
pleural surfaces is sometimes progressive. 
This fibrin gradually becomes organized, 
hampers further pulmonary re-expansion 
and limits movement of the chest wall. In a 


few patients, actual calcification of the 
thickened pleura or residual effusion occurs. 

It was argued in favor of this policy of 
non-interference that aspiration encour- 
aged recurrence of the hemorrhage and that 
the damaged lung healed more readily if 
collapsed. 

It is now a general routine to aspirate as 
much blood as possible about twenty-four 
hours after the injury (always before the 
fourth day). The fluid is removed as long as 
it can be readily withdrawn through a 
large-bore needle. If the patient complains 
of a tight feeling in the chest or if consider- 
able force is required to aspirate the bhod, 
air is introduced to relieve the increasing 
negative pressure. Provided excessively 
negative intrapleural pressures are avoided, 
it is improbable that removal of the blood 
will cause recurrence of the hemorrhage. It 
has not occurred in our experience. There 
is very little evidence to support the com- 
mon thesis that an injured lung heals better 
if collapsed. There is one objection to 
partial replacement with air. The air rises 
to the upper part of the pleural cavity and 
temporarily prevents the apex of the lung 
adhering to the parietes. If infection occurs 
early, an almost total empyema must 
follow. It is therefore advisable to limit the 
use of partial air replacement to those cases 
in which it is not possible to withdraw ail 
the blood without leaving an excessively 
negative pressure. Gregoire and Courcoux- 
scate that, in the absence of infection or 
gross tissue damage, the blood of a hemo- 
thorax does not clot apart from the deposi- 
tion of a thin fibrin network on the pleural 
surfaces; this has been our e.xpericnce. Ex- 
cept for this phenomenon, aspiration would 
always be difficult and very incomplete. 

Injected Hemothorax. The diagnosis of 
infection rests finally on bacteriological 
examination (including anaerobic culture) 
of samples of aspirated fluid. The treatment 
of infected cases is e.xactly similar to that of 
any acute empyema. 

So far, the evidence favors a diminution 
in the incidence of infection and a decrea'-c 
in the severitv of toxemia when infection 
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does arise as a result of the prophylactic 
use of the sulfonamide drugs. We have had 
three cases infected with Clostridium 
welchii and all have survived. In reference 
to this latter type of infection, the radi- 
ological appearances are often characteris- 
tic. When the major portion of the blood 
has been removed by aspiration, sub- 
sequent infection of the residium by gas- 
forming organisms causes the deposition of 
fibrin which becomes vacuolated as a 
result of gas production within its meshes. 
In a radiogram the appearance is not unlike 
that of a polycystic lung. 

Contralateral Pulmonarx' Collapse. The 
cause of this complication remains un- 
proved. Penetrating chest wounds initially 
make expectoration very painful and it 
seems almost certain that bronchial ob- 
struction bv secretion, or rarely blood, is 
the explanation of the collapse. It is, there- 
fore, probably justifiable to bronchoscope 
and aspirate such cases if seen within 
twenty-four hours of the onset of the 
collapse. Later than this, removal of secre- 
tion is most unlikely to be followed by 
Immediate re-expansion of the collapsed 
area. Collapse, of the whole or part of the 
contralateral lung was a very common find- 
ing (about 16 per cent) at Casualty Clear- 
ing Stations in the last war. We have had 
only one such case. Re-expansion was slow 
but complete and bronchography prior to 
discharge from the hospital showed that 
bronchiectasis had not complicated the 
collapse. 

Indications for Primary’ Operation. Pri- 
mary operation may be indicated to control 
progressive hemorrhage, convert an open 
into a closed pneumothorax or prevent 
sepsis. In addition, most suspected thoraco- 
abdominal wounds require exploration in 
order to repair the diaphragm and any 
damaged abdominal viscus. The explora- 
tion should be carried out through the 
chest in the vast majority of cases in this 
latter group (Gordon-Taylor^^). 

For those inexperienced in the treatment 
penetrating wounds, it is difficult to 
decide on which patients to operate when 


prevention of sepsis is the sole indication. 
Through-and-through wounds when bony 
fragments have not been carried into the 
pleural cavity or lung are unlikely to be 
followed by sepsis. Retained fragments of 
shell or bomb casing less than one-half inch 
in diameter which have entered the chest 
through an intercostal space infrequently 
introduce infection and rarely give rise to 
later trouble. In nine years’ work at a 
military pensioners’ hospital after the last 
war, one of the authors (J. E. H. R.) saw 
only eighty cases in which retained missiles 
were giving rise to symptoms. On the other 
hand large missiles often carry in rib or 
other bone splinters and foreign material 
such as clothing; suppuration is then a 
common sequel. 

A great deal of judgment is required to 
decide which patients to select for primary 
operation. A surgeon inexperienced in 
surgery of the chest would be wise to err on 
the side of conservatism. 

Technic oj Prvnary Operations. There 
are two new practices which merit atten- 
tion. The introduction of an intercostal 
self-retaining catheter of the Malacot type 
prior to the closure of the thoracotomy 
wound allows the escape of air and effusion 
and obviates the necessity of postoperati\'e 
pleural aspiration. It should be in the lower 
part of the pleural cavity although not 
actually in the costophrenic sinus as, in the 
latter position, the diaphragm may rise 
sufficiently to obstruct the drainage. The 
site of drainage should never be through 
the thoracotomy wound or that produced 
by the missile. The tube is anchored to the 
chest wall by transfixion with a sterile 
safety pin which is fixed to the skin with 
adhesive strapping. It is then connected by 
rubber tubing to a “water-seal” drainage 
bottle. The catheter is removed at the end 
of forty-eight hours and the wound of 
insertion closed with a single suture in- 
serted at the time of the original operation. 
Poudrage of the pleural cavity with 10 to 
15 Gm. of sulfanilamide before closing the 
chest is a convenient wav of obtaining an 
adequate early concentration of the drug in 
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the blood stream and may also give rise to 
an increased local concentration inhibiting 
bacterial growth. Much of the drug is, of 
course, lost through the drainage tube. 

Anesthesia. Anesthesia which provides 
a comparatively small respiratory excur- 
sion and does not cause anoxemia or a fall 
in blood pressure is required. Our patients 
have been given cyclopropane which ful- 
fills these essentials extremely well but a 
trained anesthetist is required for its 
administration. Nosworthy’’ has described 
with enthusiasm the value of “controlled 
respiration.” It has been employed on our 
unit when operating on the diaphragm, the 
immobilization of which is technicallj’^ a 
great help; but our experience is limited to 
such cases. It is difficult to appreciate its 
advantages when the thoracic wound does 
not involve the diaphragm. Under most 
circumstances a mixture of nitrous oxide, 
oxygen and ether would probably give the 
most satisfactory results. 

Breathing Exercises. This subject is 
well worn but the absolute necessity of 
giving all patients with thoracic injuries 
breathing exercises, shoulder girdle move- 
ments and postural training may be empha- 
sized once again. Treatment should start 
very early during the patient’s convales- 
cence; in the absence of infection, gentle 
exercises and passive movements may 
begin on the second or third day. Full func- 
tion will rarely be restored unless such 
treatment is given. In the case of military 
patients this means that few patients will 
be returned to the Ai fitness category. The 


masseuse’s time is more than rewarded by 
the results obtained for man}’^ of the pa- 
tients leave the hospital with their vital 
capacity increased to a level above that 
present before the injury. 

These disjointed remarks omitting refer- 
ence to many major sections of thoracic 
injury, e.g., wounds of the heart and 
pericardium, have been prepared in the 
hope that they may be of some value to 
those who are anxious to know whether the 
last two 3'ears of warfare have modified the 
treatment of chest wounds. 
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THE PROBLEM OF WOUND SEPSIS IN THORACIC 

SURGERY* 

Deryl Hart, m.d. 
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M any of the wounds in thoracic 
surgery are susceptible to infec- 
tion because of conditions which 
are peculiar to such operations. These 
may be listed as follows: 

1. Frequently, the patients are suffering 
from a chronic disease and some of them 
may have a lowered resistance to infection. 

2. An adequate incision necessitates 
wide exposure of tissue which may have a 
low resistance to the organisms which 
invariably enter every wound. Since the 
air of every operating room not only 
may, but usually does have pathogenic 
bacteria sedimenting from it onto the 
wound and sterile supplies, the larger 
wound becomes the more highly con- 
taminated from this source. 

3. There is inevitable trauma which is 
greater than in clean cut incisions in soft 
parts. This, of course, diminishes the 
resistance of the tissues to the growth of 
the bacteria which gain entrance. 

4. Hemostasis is unsatisfactory in many 
cases because of the size of the wound, 
the many small bleeding points, the relative 
inaccessibility of certain bleeders and the 
possibility of bleeding coming on following 
closure of a “dry wound” as a result of 
uncontrollable motion associated with re- 
spiratory mo^'ements. 

5. The dead space left following many 
operations cannot be obliterated. This 
is particularly true after the first-stage 
thoracoplasty with apicolysis or after a 
pneunionectomv. 

6. The wound cannot be put at rest, as 
is best for healing, because of the respira- 
tory movement and continuous changes 
in the intrathoracic pressure in the presence 
of a mobilized chest wall. 


The wounds with which we have to deal 
may be divided into the following groups: 

I. Traumatic Wounds. (In which con- 
tamination exists when the patient conies 
under treatment.) In these wounds which 
enter the pleural cavity careful first aid is 
of the utmost importance. The small, clean- 
cut wound should be closed after care- 
ful cleansing. The ragged wound with 
extensive trauma to tissues, and the possi- 
bility of the presence of clothing, wadding 
or any foreign material other than smooth 
metal, must be carefully explored as soon 
as the condition of the patient will permit 
it. It should be thoroughly washed out 
with a nonirritating solution and all 
foreign material, blood clot and severelj'- 
traumatized tissue should be removed. 
Bleeding must be carefully controlled, 
the least irritating sutures and ligatures 
should be used to close the wound without 
drainage and with the minimal trauma to 
tissue and least constriction of blood 
supply. 

At the present stage of our knowledge 
of sulfonamides, a suitable one of these 
should be sprinkled in the wound to inhibit 
bacterial growth. At times it may be neces- 
sary to shift a flap of soft parts to close 
a large defect opening into the pleural 
cavity, but the pleurae must be closed by 
some method if the condition of the patient 
will permit it. 

If infection occurs, the enipj-ema should 
be treated as any other empyema and the 
chest wall wound should receive adequate 
drainage but with support to limit the 
separation and if possible avoid a sucking 
wound, as is done in the case of the wound 
following pneumonectom}’-, as described 
later in this paper. 


From the Department of Surgerj% Duke University School of Medicine and Duke Hospital, Durham, North 

Carolina. 
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The low grade infection in a pleural 
cavity filled with organizing blood clot 
demands special consideration. In these 
there may be multiloculated pockets which 
make drainage unsatisfactory while the 
fibrin and organizing hematoma prevent 
expansion of the lung and apposition of the 
pleural surfaces. While our experience 
with these has been limited, it seems to us 
that where this condition exists the thorax 
should be opened sufficiently to give ade- 
quate exposure, all the fibrin and organiz- 
ing hematoma should be evacuated and 
the resulting cavity should be treated by 
irrigation until there is a clean granulating 
wound which can then be closed bj' the 
suitable application of suction. 

2. Large Clean Primary Incisions. (Such 
as first-stage thoracoplasties or thora- 
cotomies.) In these clean wounds con- 
tamination from sources other than the 
air we feel have been largely brought under 
control in the well run operating room. 
The wound itself, left by a well trained 
surgeon in the best possible condition for 
healing, can handle the few bacteria that 
gain entrance, if the relatively high con- 
tamination from the air during periods of 
widespread respiratory tract infection is 
brought under control. Infections in these 
wounds should be rare and seldom severe. 

3. Reopened wounds such as second and 
subsequent stage thoracoplasties are sus- 
ceptible to infection from at least two 
sources not present in the primary incision : 

(a) The first of these is from the few 
organisms which may have gained entrance 
to the preceding wound, found a harbor 
about catgut sutures or in a pocket of 
fluid in a dead space, multiplied there but 
not to the extent of causing sufficient local 
or general reaction to be diagnosed as an 
infection, and are present in far greater 
numbers to be distributed through the 
tissues freshly exposed at the subsequent 
operation. 

(b) The second of these sources is from 
organisms normallj’^ present on the skin 
which may have grown along the skin 
sutures of the preceding stage to form 


clusters of organisms which may be dis- 
tributed through the reopened wound. 
When the reaction about the sutures is 
sufficiently great w'c have the well known 
stitch abscess, but there must be a less 
extensive grow'th of organisms about manj" 
other sutures. 

Whatever the explanation, w’hen the air 
as a source of wound contamination is 
eliminated, the reopened wound is more 
susceptible to mild or moderate infection 
than the primary incision.'- On the other 
hand, in our experience when the air as a 
source of contamination is not eliminated 
the reopened wound is less susceptible to 
severe infections than the primary' incision. 
Our explanation of this is that the patient 
at the time of the second operation has 
developed some immunit}' as a reaction to 
the contaminants which gained access at 
the previous exposure. 

In our experience infections in reopened 
w'ounds, protected from air contaminants, 
have been mild, localized and in the sub- 
cutaneous fat or a pocket of fluid in a dead 
space.'- 

4. Certain wounds are potentially in- 
fected from the nature of the disease and 
the operation. Examples are those made 
for a lobectomy or pneumonectom3\ If 
every precaution is taken to limit soiling 
when the bronchus is divided and the 
stump of the bronchus is buried beneath 
tissue wdth an adequate blood supply to 
prevent it from reopening, many of the 
cases will not develop an infection. The 
pleural cavity ma}’- or may not be drained, 
depending on the judgment of the operator 
as to the probability of infection. If infec- 
tion occurs in the undrained pleural cavity, 
it is easj' to drain through a tube inserted 
bj'’ the trocar and cannula technic. Where 
there is a large dead space w'hich must be 
collapsed, as following a pneumonectomy, 
it is important to insert the tube so as not 
to interfere with an extrapleural para- 
vertebral thoracoplasty, wTich then can 
be performed in a sterile field. If there is 
no bronchial fistula, the cavity can be 
drained, irrigated and partially collapsed 
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by suction; or if there is a bronchial fistula, 
continuous aspiration can be applied 
through a tube inserted -well anteriorly. 
In either case treatment can be carried 
on indefinitely without leakage of pus 
around the drainage tube. The advantages 
of collapsing the infected pleural space 
down to a small residual ca\-it\' by means 
of operations performed in an aseptic 
field are too great to need further comment. 
The small residual cavity can be further 
treated by closed drainage, open drainage 
or by unroofing as the individual case 
may demand. 

5. Wounds grossly contaminated by 
highly pathogenic aerobic, anaerobic or 
mixtures of organisms as follow drainage 
of a lung abscess, demand special considera- 
tion, since the secondary dissecting infec- 
tions in the cleavage planes of the chest 
may present a greater threat to the life 
of the patient than the original disease. 
At one time it was our opinion that drain- 
age of every lung abscess should be delayed 
until the chest wall incision down to the 
pleura had been packed sufficiently long to 
allow sealing off of the cleavage planes 
and the development of granulations over 
the incised tissues. Howe\-er, with the 
preoperative and postoperative use of 
arsenicals intravenously to inhibit the 
fusospirochetal organisms, with the wound 
edges protected from the more gross con- 
tamination at the time of and followins; 
operation, with the wound left wide open 
for drainage and aeration, and more 
recently with the aid of the sulfonamides, 
we can in most instances, in which the 
pleural caA’ity OA’er the abscess has been 
obliterated by adhesions, drain these ab- 
scesses in one stage. 

The problem of tvoimd sepsis logically 
falls into tivo divisions. The first of these 
is prophylactic or the avoidance of infec- 
tion, while the second is concerned with 
the treatment of the infection once it has 
been established. In the case of clean 
wounds we should develop a technic which 
will eliminate most of the latter division 
so that an infected wound will become a 


rarity. This statement is made without 
reservation since such a condition exists 
in the operating rooms of the Duke 
Hospital today and can be easily dupli- 
cated elsewhere. 

Ever}'- phase of surgical technic has its 
bearing on whether or not the wound will 
develop an infection. Theoretically, if every 
bacterium could be kept out of the wound 
at the time of and following operation, we 
could not have an infection. Under these 
conditions we still could have poor healing 
as a result of traumatized tissues, collec- 
tions of blood or serum, irritating sutures, 
drains, packs, etc. However, if anyone 
operates using such technic, it is all the 
more imperati^•e that the number of 
viable bacteria entering the wound be 
kept to the minimum. Since some bacteria 
enter every wound, a goal of complete 
asepsis is unattainable and this makes 
it all the more important that we leave the 
wound in the condition best for healing 
in the presence of the lowest contamination 
that can be obtained. The ideal wound 
should be made with minimal trauma and 
closed with an accurate reapproximation 
of normal structures by means of non- 
irritating sutures, which do not strangulate 
tissues or interfere with their blood supply. 
There should be no dead space, no bleeding 
into the wound or tissues and no drains or 
packs should be inserted. The tissues should 
be placed at complete immobility in such a 
position as is conducive to good blood sup- 
ply and good blood and lymph drainage. 
Since each of these more or less ideal condi- 
tions is unattainable, we must strive for 
the nearest possible approach to them. 

The patient should be kept in the best 
possible condition before, during and 
following operation. His disease should be 
brought under the maximum control by 
adequate hygienic measures; his general 
nutrition, vitamin, fluid, and salt balance 
should be maintained at the optimum level. 
While rest may be ver}- important in the 
treatment of tuberculosis, complete bed 
rest with its resultant atrophy of muscles, 
including the mjmcardium, and resultant 
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circulatory instability may be poor prepa- 
ration for an operation. 

Following operation the patient should 



Fig. I. (No. 77533.) A tumor of the left main 
bronchus of four years’ duration caused com- 
plete obstruction with multiple abscesses 
thoroughout the left lung. The lung was re- 
moved on January 2, 1937. 

receive rest, but not to the extent of avoid- 
ing frequent changes of position to im- 
prove the circulation, and to allow drainage 
of fluids from the dependent parts, particu- 
larly in the lungs and in the operative 
region. The local wound should be im- 
mobilized, but not to the extent of embar- 
rassing respirations by tight bandages or 
keeping the wound dependent at all times 
in order to let the weight of the patient 
compress and splint it. 

Too frequent dressing of the clean wound 
results in needless inconvenience, fatigue 
and pain to the patient, and opens the 
wound unnecessarily to the dangers of 
infection. On the other hand, particularly 
during hot weather, the dressings on the 
fresh wound ma3’ become saturated with 
serum or a mixture of serum and perspira- 
tion; and if these are not removed, macera- 
tion of the epidermis along the suture line 
may result, particularlj'- if the patient 
is permitted to lie on the operative side. 
Dressings performed with reasonable fre- 
quency and washing of the skin with 


alcohol may diminish the skin contami- 
nants, avoid the dev^elopment of stitch 
abscesses and result in better healing. 

Even though, as stated above, we cannot 
prevent the entrance of every bacterium 
into a wound we should set this as the goal 
toward which we strive and exercise every 
precaution which may aid in its attain- 
ment. Among these precautions are the 
following: 

The usualK' accepted aseptic technic 
with the sterilization of all instruments 
and supplies, careful skin preparation, 
isolation of the wound from the skin as 
soon as the incision is made, the covering 
of the carefull3’- prepared hands of the 
operating team with sterile gloves, etc., 
etc., should be scrupulously and intelli- 
gentl3’ followed. This means that “aseptic 
technic” is not to be carried out b3’’ rote 
because it is the accepted thing to do but 
that ever3’ procedure is performed with a 
definite purpose in mind. These are deter- 
mined b3’ cultural checks on each step of 
the operative procedure, the results of 
\vhich must be familiar to ever3’^ member of 
the operating team. 

An additional warning should be given 
in regard to the sterility of the prepared 
skin of both the patient and the personnel. 
Scrubbing wnth soap and water does not 
render the surface of the skin free of bac- 
teria, but when this is supplemented by 
adequate chemical treatment, including the 
use of 70 per cent alcohol on the hands, 
the surface of the skin when cultured is 
relatively free of viable bacteria. On the 
other hand, at the end of the operation, 
particularl3’^ in hot weather when perspira- 
tion enters the picture, man3’ of the skin 
contaminants ma}' be on the surface 
of the hands of the operating team or skin 
of the patient at the operative site. This 
makes it imperative that every precaution 
be taken to avoid puncturing the glove, 
and that nothing touching the skin be 
permitted to come in contact with the 
patient’s wound. If hemostatic forceps are 
to be left on the wound, the3'^ should 
be protected from the underl3dng skin 




New ScKlEb VoL. UV, No. 1 


Hart — Sepsis in Thoracic Surgery American joumai of surgery 299 

with a sterile towel and the wound itself Contamiriation oj the clean wound, and 
should be protected by a second towel exposed sterile supplies by organisms given 
which overlaps the skin edges and covers off from the noses and throats of the occupants 



Fig. 2. (No. 77533.) The cavity fono\%ing Fig. 3. (No. 77533-) A first-stage e.\tra- 
removal of the lung shown in Figure i pleural paravertebral thoracoplasty with 

developed a mixed infection including removal of parts of five ribs was per- 

anacrobic organisms. A drainage tube formed on February 8, 1937, thirty-seven 

was inserted on Januan.- 9, 1037, and the days after the pneumonectomy and thirty 

cavity was treated by closed drainage, days after the institution of tidal irrigation 

tidal irrigation and suction for thirty and suction. In such p.atients a larger 

daxs. Note the diminution in the size of number of ribs can be removed without 

the cavity brought about by elevation of serious disturbance to the respiratory 

the di.aphragm, shift of the mediastinum mechanism since the p.atient has already 

and partial collapse of the chest w all. become adjusted to the use of only one 

lung and the mediastinum can be stabi- 
the clamps. The clamps can then be re- lized by suction within the cavity to pull 
moved at the end of the operation without " cavity mto apposition, 

contaminating the gloved hand, or ligatures 0/ the operating room, transported by way 
can be applied without contaminating the 0/ the air, and sedinientirig oji the sterile 
ligature as it slides along the clamp. The field, corxstitute in our opinioyi the greatest 
knife used for the skin incision should of danger of injection in these large ivounds 
course be discarded as soon as it has divided in the well run operating room oJ today.' 
through the contaminated glands in the We have long made a useful gesture toward 
skin, and this part of the wound should the control of this danger by the conven- 
be covered. These covers should not be tional mask worn over the mouth and, in 
removed until the operation has proceeded more recent years, almost universally -over 
to the closure of all the underlying layers the nose. The importance of this masking 
of tissue. They should then be removed, in cutting down massive contamination 
all exposed skin treated with a suitable from rapidly sedimenting large droplets 
antiseptic and recovered up to the edge cannot be emphasized too strongly. On 
of the incision with sterile drapes before the other hand, the generally accepted 
proceeding with the closure or otherwise mask should not give one a false sense of 
touching the skin. security since it will not prevent a rapidiv 
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increasing contamination of the air with 
small droplets or droplet nuclei which are 
the bacteria left after the liquid has 



Fig. 4. (No. 77533 -) On February 23, 1937, 
fifteen days after the first-stage tlioracoplasty, 
the remaining si\ ribs were resected and the 
empyema cavity was treated by suction and 
irrigation for the next forty-two daj's. On 
April 6, 1937, the small residual cavity demon- 
strated here by lipiodol injection was collapsed 
by removing the ribs and thickened pleura 
overlying it and the soft parts were allow ed 
to fall in. The patient was discharged with the 
wound almost healed sixteen days following 
the latter operation. 

evaporated, as has been emphasized in 
recent publications by Wells. Sneezing, 
coughing and talking should be prohibited 
or reduced to the minimum. The potential 
danger from the presence of a nose and 
throat carrier of highly pathogenic and 
virulent bacteria in the operating room is in 
our opinion immeasurably greater than is 
generally accepted by most surgeons today. 
Elimination of every transient carrier is 
difficult but the persistent carrier of highly 
pathogenic beta hemol3Tic streptococci or 
hemoljTic ^^ellow staph\-lococci should not 
be allowed in the operating room. 

Air contamination can be kept down by 
limiting the number of occupants during, 
and the duration of occupanc}’’ before, 
these operations. It can also be reduced 


or held down bj^ an efficient ventilating 
system which supplies large quantities of 
clean air (free of pathogenic bacteria) 



Fig. 5. (No. 77533.) X-ray of the chest after the 
right pleural cavity had been obliterated as 
described under Figures 1 through 4. 


to the operating room. - The reserve sterile 
supplies can be protected partiallj' hy a 
mechanical sterile canopj' which may 
reduce the number of colonies of viable 
sedimenting bacteria reaching the supplies 
bj'- 50 or more per cent or b}’- a canopj' of 
bactericidal radiation which will kill all 
bacteria falling in an exposed position 
within one to two minutes. The two can be 
combined bj' placing the radiation unit 
beneath the mechanical canopj'. The me- 
chanical canopj' is impractical for the 
operative field but a radiation canopj* has 
proved to be quite effective and is verj- 
practical.^’^- 

Dailj' cultures of the air will demonstrate 
periods of rising or falling air contamina- 
tion and the type of bacteria present, thus 
aiding in anticipating the periods of great- 
est danger to large clean wounds.®’' 

While these measures are all important, 
with the exception of radiation, thej' are 
not sufficient to give a reasonable guarantee 
against infection from air-borne contami- 
nants. Killing the bacteria in the air seems 
to be the onlj' feasible method of curbing 
this danger, and this can be done with 
ultraviolet radiation (2537 a) which has a 
high bactericidal and low erj’thermal or 
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burning effect. The effectiveness of this 
addition to aseptic technic is demonstrated 
by the following facts: 

1. Culture plates of blood agar inocu- 
lated with pathogenic bacteria can be 
sterilized at the operative site with an 
exposure of two to five minutes® to an 
intensity of radiation which will not 
produce evident damage to the tissues® or 
the suitably protected personnel during the 
course of even prolonged opera tions.^^’^- 

2. Sedimenting viable bacteria at the 
operative site can be reduced by 95 to 
99+ per cent by this same intensity of 
radiation.^ 

3. The few bacteria which survive such 
an exposure seem to be attenuated. 

4. Unexplained infections in primary 
thoracoplasty incisions in the Duke Hospi- 
tal were reduced by over 99 per cent.^- 

3. Infections in reopened thoracoplasty 
wounds in the Duke Hospital were re- 
duced by 75 per cent.^- 

6. Deaths from unexplained infections in 
large wounds (thoracoplasty, craniotomy, 
arthoplasty, etc.) in the Duke Hospital 
were reduced from 1.07 to 0.00 per cent.^® 

7. Unexplained severe infections in tho- 
racoplasty incisions (all stages) at the 
State Sanatorium at Sanatorium, North 
Carolina, were reduced from 22.7 to 1.09 
per cent* simultaneously with the installa- 
tion of bactericidal radiation.^® The only 
infection they had in the ninety-two 
thoracoplasty stages since the installation 
of radiation was in a wound reopened for 
the second stage. Such a wound, of course, 
has sources of infection other than the air 
which are not present in the primary 
incision. 

The number of bacteria in a wound at 
the time of closure can be reduced by wash- 
ing. This is strongly advocated by some 
but in our hands before installation of 
radiation it was at the best only partly 
satisfactory. 

In recent years, the sulfonamides are 
being widely used in wounds that are 

* Monroe, Clement R. Personal communication, 
1941. 


potentially contaminated. Naturally, they 
have been tried in thoracoplasty wounds 
but we have not used them since infections 
in such wounds in our operating rooms 
had already been practically eliminated by 
ultraviolet radiation. According to per- 
sonal communications favorable results 
have been obtained by those who have 
used them. Undoubtedly, published results 
will soon appear in the literature. 

Every thoracoplasty wound because 
of its character and size is potentially^ 
infected, and the infection rate is higher 
than the average surgical wound made 
under similar conditions. The decision as to 
whether or not to use the sulfonamides 
must be left to the judgment of the indi- 
vidual operator, since this decision must 
in the last analysis be based on his previous 
experience and his resultant judgment as 
to the possibility of infection developing 
in any individual wound. Where there 
has been a source of gross contamination, 
whether from a torn glove with loss of 
perspiration in the wound, from the air 
during a period of high contamination 
with highly pathogenic bacteria or from 
any other source, such a drug should be 
used. In view of the additional sources of 
contamination of reopened wounds, it is 
possible that one of the sulfonamides 
should be used even where there has been 
no break in technic and where the air as a 
source of contamination has been elimi- 
nated. This entire problem will be much 
clarified with additional years of experience. 

Treatmeiit oj the injected thoracoplasty 
xuound does not differ from similar infec- 
tions in other wounds except insofar as 
the wounds differ. Naturally, infection in 
such a wound may be extensive and 
serious. They are treated by^ adequate 
drainage, chemotherapy, multiple trans- 
fusions if indicated, specific serum if such is 
available, and general supportive measures. 

TREATMENT OF THE CAVITY FOLLOWING 
LOBECTOMY AND PNEUMONECTOMY 

These wounds are potentially infected, 
but if infection can be avoided by careful 
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If there is a reasonable chance that 
infection can be avoided, the ^YOund may 
'be closed without drainage, and one of the 
sulfonamides may or may not be left 
in the wound according to the judgment 
of the operator. The condition of the pa- 
tient, however, must be followed closely 
for evidence of infection or increasing 
intrathoracic pressure. If either is sus- 
pected, a needle should be inserted to 
determine the exact condition present, and 
if there is increased tension this can be 
relieved. When infection develops in the 
cavity, closed drainage and irrigation 
should be instituted. For the cavity 
following a lobectomy, the tube should be 
inserted in the dependent part of the cavity 
in the posterior axillary line, since this 
will give dependent drainage and at the 
same time permit the patient to lie flat 
on the back in comfort and without ob- 
structing the drainage tube. If a bronchial 
fistula develops, suction can be maintained 
until the cavity is obliterated to a fistulous 
tract which will close when the tube is 
removed. 

In the case of intrapleural infection 
following a pneumonectomy performed 
through an anterior incision, it is our 
policy to insert the tube for closed drainage 
through the anterior chest wall in the lower 
part of the cavity so as not to interfere 
with an extrapleural paravertebral thoraco- 
., plasty to be performed subsequently in an 
aseptic field. The tube can be inserted 
to such a depth as to irrigate from the 
dependent part of the cavity; and if there 
is a bronchial fistula, the pus can be 
aspirated from the most dependent part 
of the cavity so as to keep it empty. 
Under the latter condition with a lara:e 
fistula negative pressure within the caviU' 
may not be obtainable, and if the tube 
should be inserted into the pleural cavity 
below the fluid level, pus may find its 
way by gravity along the sinus tract about 
the tube. However, with the tube inserted 
through the anterior chest wall above the 
fluid level there can be no leakage of fluid 
along this sinus tract. Subsequent treat- 


ment may then be divided into the follow- 
ing stages : 

1. Continuous irrigation either with an 



Fig. 7. (No. 77533.) Photogr.iph showing be- 
neath the breast the skin incision for the 
pneumonectomy. The breast was reflected 
upward and the chest entered through the 
third interspace. In the midaxillary line can 
be seen the scar from the incision made for 
xmroofmg the residual cavity after the pleural 
space had been collapsed to a large e.vtent by 
suction and the c.\trapleural thoracoplasty. 

antiseptic solution or a nonirritating solu- 
tion is carried on to keep the infection 
under control and to limit absorption. 
(Figs. I, 2 and 6.) In the presence of a 
bronchial fistula we must be content with 
continuous suction and aspiration of the 
pus from the dependent part of the cavity 
along with intermittent washing out of the 
cavity with nonirritating fluid in quantities 
insufficient to flood the open bronchus. 
Under either condition free drainage can be 
obtained with a drop in the temperature 
reaction. (Fig. 6.) This should be the 
principal treatment until the acute infec- 
tion has subsided. If there is infection in 
the chest wall incision, it may drain into 
the pleural cavity or to the surface, or 
both. Occasionally, such an incision may 
break down to give a sucking wound; and 
if this occurs, drainage can be allowed and, 
in the absence of a bronchial fistula, suction 
on the cavitv maintained bv coverina: the 
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wound with a sheet of thin rubber. Dental During a pneumonectomy, every effort 
dam serves this purpose well. The wound should be made to avoid a bronchial 
should be supported to limit the amount of fistula since its presence makes the applica- 



Fio. 8. (No. 77,33.) Photogmph showing the scars from the 
extrapleural thor.acoplasty performed in two stapes 
without infection (see Fip. 6) by the usual aseptic technic 
in a field of bactericidal radiation, while tlic infected 
pleural cavity wasbeinpdrained by closed tidal irripation. 
In the meantime, thcc.avity was bcinp obliterated I)y pull- 
inc the surfaces into apposition by suction. See Figure 6 
for the temperature re.iction following these operations. 


separation. In our e.xpcricnce infection 
with breaking down of the chest wall inci- 
sion is rare as compared to infection within 
the pleural cavity. 

2. After the infection has been brought 
under control suction is applied to oblit- 
erate the cavity. (Fig. 2.) Following a 
lobectomy, this is accomplished by further 
expansion of the remaining lung, elevation 
of the diaphragm, shift of the mediastinum 
and partial collapse of the chest xvall with 
a narrowing of the intercostal spaces and a 
greater obliquity of the ribs. Following 
a pneumonectomy, there is no remaining 
luni: on the operative side to e.xpand but 
tile other factors .ill come into play with 
a 4 iitt o! the mediastinum and increased 
exp.insion o! the op'si-ite lung. 'Fig. 2.1 


tion of continuous and constant suction 
impossible, thus losing the great advantage 
of suction in obliterating the cavity. 

3. While free drainage is provided bv 
continuous irrig.atinn and suction through 
a tube inserted anteriorly and leakage of 
pus about the tube is insured against bv 
negative pressure within the thorax, or the 
location of the opening in the chest wall 
above the fluid level, the remaining cavitv 
resulting from a pneunioncctomv is ob- 
iitcraicci bv suckinc: the clean granulating 
surfaces into apposition as the che.vt wall 
is mobilized In an extrapleural, para- 
vertebral thoracoplnsiv performed in suit- 
able stnee'-. ' Fics. 3- S. 1 

4. The small re'^idual cav itv mav Of 
treated In open drainage or i)> complclc 
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unroofing, with the soft parts of the chest 
wall falling into the cavity. (Figs. 4-7.) 

CONXLUSIOXS 

1. The problem of wound sepsis in 
thoracic surgery can be largely solved for 
the clean primary incisions by the use of 
the most carefully controlled atraumatic 
technic along with the generally accepted 
aseptic technic and with the addition of 
suitable measures to control icoimd contami- 
nation by air-borne pathogenic bacteria. 

2. If wound infection develops in the 
thoracoplasty incision, it is treated as 
any other wound infection except insofar 
as the treatment is influenced by the 
chronic illness of the patient, the size of 
the wound and the resultant seriousness 
of the condition. 

3. Contaminated and potentially in- 
fected wounds should be treated as the 
clean wound, but with every additional 
precaution to avoid spreading the con- 
tamination and with one of the sul- 
fonamides in the wound and in the blood 
to inhibit bacterial growth. 

4. In the intrapleural operations e\'ery 
effort should be made to avoid infection 
and if this develops it should be drained 
through a stab wound and every precaution 
taken to avoid a breaking down of the 
larger incision. 

5. In lobectomies and particularly in 
pneumonectomies every precaution should 
be taken to avoid a bronchial fistula. The 
end of the divided and closed bronchus 
should be covered if possible with a flap of 
tissue with an adequate blood supply which 
will grow into position before the ligatures 
and sutures cut through. 

6. The pleural cavity infected following 
a lobectomy can usually be obliterated by 
suction alone or with the addition of open 
drainage of the sinus tract or the small 
residual cavity. 

“. A fistula into an open bronchus will 
close if the cavity can be obliterated to a 
long fistulous tract. 

8. The infected hemothorax following a 
pneumonectomy can be treated and closed 


by continuous irrigation through a tube 
inserted anteriorly out of the field of an 
extrapleural paravertebral thoracoplasty 
to control the infection, by suction to 
obliterate the dead space as the chest wall 
is mobilized by an extrapleural paraverte- 
bral thoracoplasty performed in suitable 
stages in an aseptic field, and by open 
drainage or unroofing of the small residual 
cavity. 

BIBLIOGR.XPHY 

1. H.akt. Der's'l, StcriJiziition of tlie .^ir in the oper- 

ating room by special bactericidal radiant energy-. 
J. Tboracic Siirs., 6 : 45. 1936. 

2. Idem. Operation room infections. Control of air- 

borne pathogenic organisms, with particular 
reference to the use of special bactericidal radiant 
energA': preliminarj- report. Arch. Siirg., 34: St4, 
* 93 " 

3. H.\rt, DER\i-and G.\rdner, C. E., Jr. Steriliz.ation 

of the air in the operative region with bactericidal 
radiant energj-. Results of its use in two hundred 
eighteen operations. Tr. So. Surg. Ass., 49: 3~7, 
• 937 . 

4. H.\rt, Deryl. Sterilization of the air in the oper- 

ating room with bactericidal radiation. J. 
Tboracic Surg., 7: 525, 1938. 

5. Idem. Pathogenic bacteria in the air of operating 

rooms. Their widespread distribution and the 
methods of control. Arcb. Surg., 37: 521, 193S. 

6. Idem. Sterilization of the air in the operating room 

by bactericidal radiant energj-. Results in over 
eight hundred operations. Arcb. Surg., 37: 956, 
1938. 

7. H.art, Deryl and Schiebel, Her.nlan M. Role of 

the Respiratoiy- Tract in Contamination of Air. 
.A Comparative Study. Arcb. Surg., 38: “88, 1939. 

8. H.art, Deryl and S.xnger, P.vll \V. Effect on 

wound healing of bactericidal ultraviolet radia- 
tion from a special unit. Experimental study. 
.Arcb. Surg., 38: 79“, 1939. 

9. H.art, Deryl. Dm-iNE. John W. and .M.xrtin, 

D. W. Bactericidal and fungicidal effect of ultra- 
violet radiation. Use of a special unit for 
sterilizing the air in the operating room. Arcb. 
Sttrg.. 38: 806, 1939. 

lo. H.\rt, Deryl and Upchlrch, S. E. Postoperative 
temperature reactions: reductions obtained by 
sterilizing the air with bactericidal radiant energ\-. 
Seasonal variations. Ann. Surg.. no: 291, 1939. 
n. H.\rt, Deryl. Sterilization of the air in the oper- 
ating room with bactericidal radiation. Results 
from November i, 1938 to November 1, 1930, 
with a further report as to safety of patients and 
personnel. Arcb. Surg., 41: 334, 1940. 

12. H.xrt, Deryl and Upchurch, S. E. “Unexplained 
infections” in clean operative wounds. The 
importance of the air .as .a medium for the trans- 
mission of pathogenic bacteria and bactericidal 
radiation as a method of control. Analysis of 
over 5,000 operations covering a period of 10 1 2 
years. Ann. Surg., in press. 


DIAPHRAGMATIC HERNIA 


Joseph H. Marks, m.d. 

Roentgenoloiiisi, New England Deaconess I lospital 
BOSTON, MASSACHUSETTS 


the number of traumatic herniae may be 
large. Age, however, is not a trustworthy 
guide in the differential diagnosis and an 
occasional patient may live to a ripe, old 
age with a congenital hernia and without 
significant symptoms referable to the re- 


LTHOUGH many articles have been 
/"A written on the subject of diaphrag- 
matic hernia, it continues to be of 
interest. This interest extends alike to the 
general practitioner and to many of the spe- 
cialists. Symptoms resulting from the con- 
dition may take the patient to the internist, spiratory or intestinal tracts, 
gastroenterologist, cardiologist, phthisiol- 
ogist, general or thoracic surgeon, pediatri- 
cian or roentgenologist. All must, therefore, 
be familiar with its symptomatology, its 
various types and the methods of treatment 
for each. Many of the small hiatus herniae 
are in all probability only incidental find- 
ings of no clinical importance and the 
physician must judge which are to be 
subjected to surgical treatment, which 
may be treated by medical measures and 


CL.VSSIF1CATIOX 

Diaphragmatic herniae and the as- 
sociated abnormalities of the intestinal 
tract and diaphragm may be conveniently 
classified according to the accompanying 
schema. It should be noted that the com- 
plete and partial thoracic stomachs are not 
properly referred to as herniae since the 
term, “hernia,” requires that a once nor- 
mally placed organ be shifted so that ft 


which may be disregarded. The experience protrudes through the wall of the cavity 


of recent years has shown that the patient 
with a congenital hernia should be treated 
surgically, and authorities* ■- are now agreed 
that the repair should be carried out as soon 
as possible. 

The condition of diaphragmatic hernia 
is not rare and the roentgenologist in a 
general hospital of 300 or more beds may 
easily see fifteen cases each year. A recent 
report from the New York Hospital* shows 
an incidence of 2 per cent of diaphragmatic 
herniae in 4,400 consecutive examinations 
of the gastrointestinal tract. The incidence 
of the various types of herniae depends 
somewhat on the age and type of patient 
making up the hospital population. With 
an active pediatric service there will be 
appreciable number of the interest- 


an 

ingty variable group of congenital herniae, 
whereas in the hospital which treats large 
numbers of patients in the cancer age there 
is a relatively high incidence of hiatus 
herniae. With an active service of trau- 
matic surgery in an industrial community 


normally containing it. The thoracic stom- 
ach was formed above the diaphragm and 
has remained permanently in that position 
because of the abnormally short esophagus. 

The classification includes no indication 
of whether the hernia is true or false. The 
presence or absence of a serous sac is of 
some interest but knowledge concerning 
this feature can almost never be obtained 
with certainty prior to operation. 

1. Thoracic Stomach 

Entire stomach above the diaphragm. 
Esophagus very short, ending at about 
the level of the fourth thoracic vertebra. 

2. Short Esophagus with Partial Thoracic 

Stomach 

Part of stomach permanently above the 
diaphragm. 

Esophagus ends at level of seventh or 
eighth thoracic vertebra. 

3. Hiatus Hernia 

All or part of stomach herniated through 
hiatus esophageus. 

Esophagus of normal length. 
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4. Congenital Hernia 

Most common through the foramen of 

Bochdalek, but may occur through defects 
elsewhere in the diaphragm. 

Large and small bowel usually included; 
other organs frequently. 

5. Traumatic Hernia 

May occur through any part of dia- 
phragm. 

Organs involved similar to those of con- 
genital type. 

6. Eventration of Diaphragm 

Diaphragm high but intact. 

7. Congenital Absence of Diaphragm 

.ANATOMY 

The development and structure of the 
diaphragm has been described in consider- 
able detail in a recent paper by Harrington^ 
but may be reviewed briefly here. The 
incompletely formed diaphragm may be 
identified in the embryo of about 7 mm. 
length and while the embryo grows to 
about 17 mm. in length this incomplete 
diaphragm moves caudally at a rate some- 
what greater than the rate of elongation of 
the upper part of the enteric tube. As a 
result of this difference in rate of growth of 
the two structures the stomach is for a time 
partly above the diaphragm. The elonga- 
tion of the esophagus begins when the 
embryo is about 10 to 12 mm. in length 
and the stomach is normally below the dia- 
phragm when the latter structure is com- 
pletely formed at the 20 mm. stage. Closure 
of the right leaf of the diaphragm is com- 
plete prior to closure of the left, thus 
accounting in part for the higher incidence 
of congenital herniae on the left side. 

The muscle fibers make their first ap- 
pearance in the diaphragm onl}"^ after its 
structure is otherwise complete. These 
muscle fibers do not make up a continuous 
band aronnd the periphery of the organ, 
but are plainly divided into three groups 
according to their sites of origin. The pars 
sternalis is a narrow band arising from the 
posterior aspect of the xiphoid process, and 
the line of separation between this band 
and the much larger pars costalis is usually 
clearly seen even in the adult. This line of 


separation marks the embryologic foramen 
of Morgagni and through it passes the 
superior epigastric artery^ (a branch of 
the internal mammary artery). The pars 
costalis arises from the costal cartilages of 
the six lower ribs. The pars lumbalis arises 
posteriorly from the crura and from the 
medial and lateral lumbocostal arches. The 
crura arise from the anterior and lateral 
aspects of the first three lumbar vertebrae. 
The medial lumbocostal arch is a fibrous 
band which extends from the body of the 
second lumbar vertebra to the transverse 
process of the first and bridges the psoas 
muscle. The lateral lumbocostal arch ex- 
tends from the transverse process of the 
first lumbar vertebra to the twelfth rib and 
bridges the quadratus lumborum muscle. 
The line of separation between the pars 
lumbalis and the pars costalis is the site of 
the embryologic pleuroperitoneal hiatus or 
foramen of Bochdalek. 

These three segments of musculature are 
frequentl}' not solidly fused even in the 
adult, and the narrow zones which may 
separate the segments are made up onl}- of 
a thin layer of connective tissue, covered 
above and below by pleura and peritoneum. 
The zones of connective tissue are much 
less resistant to pressure than are the 
adjoining segments of muscle and hence are 
frequent!}' the sites of herniae. 

Of the several openings in the diaphragm 
through which structures normal!}' pass, 
that of the aorta is most posterior and is at 
the level of the first lumbar vertebra. This 
opening is not properly within the dia- 
phragm but its anterior and lateral bound- 
aries are formed by the crura as they 
extend forward from their points of origin 
on the spine. The thoracic duct and the 
azygos vein pass through the opening 
closely adjacent to the aorta. The opening 
is well bounded by dense fibrous tissue and 
is not a site of hernia formation. The 
esophageal opening is somewhat more 
anterior and is at the level of the tenth 
thoracic vertebra. Besides the esophagus it 
transmits also the esophageal vessels and 
the vagus nerves. It is entirely within the 
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muscular portion of the diaphragm, being 
surrounded by the decussating bundles of 
the crura before they spread out into the 
central tendon. There is considerable varia- 
tion in the size of this opening and the 
space not occupied by the structures pass- 
ing through it is filled by loose areolar 
tissue. The muscle fibers of the crura do not 
attach to the esophagus and some mobilit3'^ 
of the structures is thus permitted during 
respiration and deglutition. It seems quite 
probable that the hiatus herniae so fre- 
quently’- seen in older people are the result 
of relaxation of this connective tissue. The 
opening for the vena cava is situated still 
farther anteriorly? and at a still higher level, 
being opposite the eighth thoracic disc. It 
is within the central tendon of the dia- 
phragm just to the right of the midline and 
is well protected by? the liver. 

THORACIC STOMACH 

In cases of true thoracic stomach all or 
nearly? all of the stomach is above the dia- 
phragm, being held there as a result of 
extreme shortness of the esophagus. The 
group of such cases is very? small but the 
term, “thoracic stomach,” should be re- 
served for this small group and should not 
be used for the large number of hiatus 
hemiae in which a relatively large portion 
of the stomach may? be within the chest but 
in which the esophagus is of normal length. 
The true thoracic stomach is the result of 
an embryologic fault in which the esopha- 
gus is very short and terminates usually at 
or near the level of the aortic arch. The 
term, “hernia,” may not properly be ap- 
plied to this small group of cases since the 
stomach was not at any time in its normal 
position in the abdominal cavity. TKe 
classic case to which the name was origi- 
nally given is that of Bailey.^ It is of 
interest that his patient lived to be seventy- 
seven years of age and apparently had no 
significant symptoms referable to his gas- 
trointestinal tract. 

In the cases so far reported the stomach 
has been invested in a serous sac which 
communicated with the peritoneal cavity. 


but .in no case has any? other abdominal 
organ been involved. 

SHORT ESOPHAGUS WITH PARTIAL 
THORACIC STOMACH 

There is a second and somewhat larger 
group of cases in which there is also short- 
ening of the esophagus, and in which a part 
of the stomach must, therefore, remain 
within the thorax at all times. This second 
group, however, differs from the preceding 
group in that the degree of shortening of 
the esophagus is not so marked, and as a 
result only? about one-third to one-half of 
the stomach lies above the diaphragm. The 
group is of considerable interest and ap- 
pears to be clearly differentiated from the 
small group of thoracic stomachs. The very- 
short esophagus associated with the true 
thoracic stomach terminates at about the 
level of the fourth thoracic vertebra, 
whereas in this second group the termina- 
tion is almost alway?s opposite the seventh 
or eighth thoracic vertebra. Kelly’'® has 
been especially? interested in the problem of 
the short esophagus and has called atten- 
tion to the constancy? of the level at which 
it enters the stomach. Each of the four 
cases seen by? the author has shown the 
esophagogastric junction to be opposite the 
seventh or eighth thoracic vertebra, and in 
each there was definite constriction at the 
junction. 

In the earlier studies of this group of 
cases the shortening of the esophagus was 
thought to be the result of anomalous 
development, but more recently it has been 
suggested®-' that the shortening might be 
either congenital or acquired. Many of the 
cases show definite constriction at the junc- 
tion of the esophagus and stomach and in 
some this constriction has extended for a 
distance of i to 2 cm. In a few, actual 
ulceration of the mucosa has been noted at 
the junction.*-®-’® The constriction either 
with or without actual ulceration at the 
time of study, has suggested that the short- 
ening of the esophagus might be the result 
of an inflammatory process. In proof of 
this theory is the case reported by Kelly® in 
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which a definite esophagitis was found at 
autopsy. 

It is of considerable interest that almost 


against the lesion. If the narrowing be of 
this degree and if the patient be maintained 
in the erect position, the thin trickle of 



Fig. 1. Woman, seventy-five years of age. Had had difficulty in swallowing for about twenty-five 
years. First seen by farj-ngologist about fifteen years before and had been dilated repeatedly since 
for presumed esophageal stricture. Treatment afforded relief but it had not been appreciated 
that the stomach lay immediately beyond the stricture. Note that the narrowed esophagus 
enters the stomach at its apex. 


all of the early work in this group of cases 
was among patients who were thought to 
have strictures of the esophagus. This was 
true of the last two patients seen by the 
author. Both were elderly women who had 
been followed as cases of stricture for some 
years and had had repeated dilatation of 
the lower esophagus with relief. That a part 
of the stomach lay immediately beyond the 
stricture and above the diaphragm had not 
been known, due to the fact that barium 
had never been given with the patient in 
the supine or Trendelenburg position. 

Narrowing of the esophagus, when first 
seen by the roentgenologist, is frequently 
of such a degree that only a thin trickle of 
barium emulsion will pass through it. This 
may be true even when the patient stands 
erect and when the hydrostatic pressure of 
a considerable column of fluid is exerted 


barium will not completely fill that portion 
of the tube immediateh'^ be^mnd the lesion, 
but will instead gravitate to the most 
dependent portion of the stomach. It is, 
therefore, necessary to place the patient 
in the Trendelenburg position so that the 
barium may collect distal to the lesion and 
demonstrate the full caliber of the organ 
which lies there. A complete or partial 
thoracic stomach with a short esophagus 
^'ould thus be readilj'^ differentiated from a 
simple stricture of the esophagus. 

It should be noted that in cases of short 
esophagus the esophagus enters the intra- 
thoracic portion of the stomach at its apex 
and that the cardiac end of the stomach 
tends to be cone-shaped. This is in contrast 
to cases of hiatus hernia in which the 
esophagus enters the stomach from one 
side (usually the right posterior aspect) and 
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the fundus retains its usual rounded short esophagus is due to the constriction 
contour. which is so often present at the esophago- 

The symptomatology of the group of gastric junction. 



Fig. 2. Conventional Bucky film of a hiatus hernia of the “ac- 
quired” or “sliding” type. Note th.at the esophagus enters the 
stomach from tlie side in the same manner that it does normally 
when the stomach lies below the diaphragm. 


cases of partial thoracic stomach with short 
esophagus is somewhat different from that 
of the large group of cases of hernia through 
the hiatus esophageus, in which the esopha- 
gus is of normal length. The patient with 
the short esophageus is most apt to complain 
of difficulty in swallowing solid foods. As is 
noted below, the patient with a simple 
hiatus hernia is more apt to complain of a 
feeling of fullness after eating, of sour 
eructations, or of pain in the left chest 
simulating angina pectoris. The patient 
with hiatus hernia almost never complains 
of difficulty in swallowing. The difficulty in 
swallowing associated with the case of 


Treatment of these patients, therefore, 
consists in dilatation of the constricted 
area, and such treatment usually brings 
about a satisfactory' result. The dilatation 
may be combined with a modified ulcer 
regime directed against the inflammatory 
process and the tendency to ulceration. 
Harrington^ has operated upon eleven 
patients in whom the roentgenologic diag- 
nosis was partial thoracic stomach and 
short esophagus, but at operation found 
that the esophagus was actually short in 
only four. He states that in all but one 
patient he was able to bring the stomach 
below the diaphragm after separation of 
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the tissues around the hiatus and interrup- 
tion of the left phrenic nerve. Truesdale” 
has reported one such case in which he was 
unable to maintain the position of the 
stomach below the diaphragm. This case 
was also referred to in a previous paper by 
the author^' whose opinion is that no 
attempt should be made to bring the 
stomach below the diaphragm in these 
patients. The belief that surgical repair 
should not be attempted in these cases 
makes the differentiation of this group from 
the hiatus group of paramount importance, 
since the hiatus hernia may be repaired 
and all symptoms referable to it relieved. 

HIATUS HERNIA 

Herniae through the hiatus esophageus 
constitute the largest group of diaphrag- 
matic herniae. They are most frequent in 
persons beyond forty years of age and are 
more common in women than in men. The 
group may be subdivided depending on 
whether the esophagus enters the stomach 
above or below the diaphragm. In either 
case the esophagus is of normal length. In 
the “para-esophageal” type the lower end 
of the esophagus remains fixed within the 
hiatus and the cardiac end of the stomach 
herniates upward beside it. In the so-called 
“acquired” type, which is seen most com- 
monly in the advanced age group, the 
lower end of the esophagus is not fixed but 
withdraws into the posterior mediastinum 
together with a portion of the stomach. 
Either of these two types may slide freeh' 
through the hiatus with change in position 
of the patient, or may be incarcerated. In 
both types the fundus of the stomach 
retains its normally rounded contour, and 
in both, the cardiac orifice is on the side 
rather than at the apex, as Avas the case 
with the shortened esophagus. 

The hiatus hernia may vary in size from 
those which involve only a very small por- 
tion of the fundus of the stomach to those 
which involve the entire stomach. In the 
latter case the transverse colon may also be 
included as a result of traction by the 
gastrocolic omentum. The author has per- 


sonally seen one patient (Case 4*-) in which 
the fundus of the stomach lay beneath the 
left diaphragm and the antrum above it. 



Fig. 3. Spot film of hiatus hernia. 

Dr. George W. Holmes has demonstrated 
films of an identical case seen at the Massa- 
chusetts General Hospital. In both patients 
there was considerable retention of barium 
in both the upper and lower pouches as a 
result of torsion and constriction at the 
hiatus. 

As above noted, a portion of the stomach 
may slide freely back and forth through the 
hiatus or it may be incarcerated and im- 
mobile. Incarceration is usually seen only 
in patients whose history extends over a 
period of years, and it will be noted that 
when incarceration is present the symp- 
toms are almost constant. The symptoms 
are inconstant and change in degree with 
change in position when the hernia is freely 
reducible. If incarceration has occurred and 
if the hernia is therefore present in all 
positions and at all times, it may be noted 
as a gas bubble above the diaphragm and 
behind the heart. Its presence may thus be 
detected on films or fluoroscopy of the 
chest prior to the administration of barium. 

The great majority of hiatus herniae lie 
chiefly to the left of the midline; but when 
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a large part of the stomach is involved it 
has a tendency to rotate on an axis through 
its cardiac orifice so that its greater curva- 
ture is uppermost, and it ma}”^ then fie 
chiefly to the right of the midline. 

The incidence of hiatus hernia is highest 
in individuals beyond the age of forty years 
and it has been assumed that they occur as 
a result of relaxation of the tissues within 
the hiatus esophageus. It should be noted 
again here that there is no attachment of 
the muscle fibers of the crura of the dia- 
phragm to the lower esophagus. It is the 
belief of the author and of man}’’ others that 
the incidence of herniation through the 
hitaus is increased in those patients who 
are overweight or have relatively large 
abdominal tumors. Rigler and Eneboe^* 
studied a series of pregnant women in 
whom 18 per cent of the multiparas showed 
hemiae during the third trimester of preg- 
nancy. Of the ten patients re-examined 
after delivery only three still showed their 
herniae. The author has seen one large 
hiatus hernia in a woman having a fibroid 
which e.xtended to the umbilicus and has 
also seen two hemiae during pregnanc3^ Of 
these two, one was completel}’ gone follow- 
ing delivery and one was reduced to about 
2 cm. in diameter. 

Hiatus hemiae may also be found in in- 
fants and young children. Miller, Parmelee 
and Sanford^^ have reported one in an 
infant of nineteen daj’s, and others have 
also been reported in recent years. 

The symptoms of hiatus hernia vary in 
type as well as in severity and the term, 
“masquerader of the abdomen,” which was 
coined by Harrington, has been adopted by 
many. In many patients the histor}’- is 
suggestive of gallbladder disease, and this 
historj^ may even include sharp attacks of 
upper abdominal pain but no jaundice. The 
pain frequently goes through to the back 
but its point of origin should make the 
physician suspicious of hernia since it has a 
substemal component which is larger than 
its epigastric component. The historj' is 
frequently very suggestive of coronar}' dis- 
ease since the distress may begin in the 


substemal region and radiate into the left 
chest and do\vn the left arm. The final 
differentiation between coronary insuffi- 
ciency and hiatus hernia may be quite diffi- 
cult since both conditions may exist in the 
same patient, as reported by Moschowitz.^* 
An interesting clinical and experimental 
study of the role of the gastrointestinal 
tract in the production of cardiac symp- 
toms has recently been carried out by 
Morrison and Swalm.^® These authors ob- 
serv’-ed that in a number of patients with 
angina pectoris indifferent results were ob- 
tained with the usual methods of manage- 
ment, but that when attention was also 
directed toward the gastrointestinal tract 
there was definite improvement. They were 
able to produce typical anginal pain and 
characteristic electrocardiographic changes 
b}^ inflation of balloons in the lower esopha- 
gus and stomach and concluded that there 
was a reflex nerve pathway between the 
upper gastrointestinal tract and the heart. 
They, therefore, recommend frequent feed- 
ings of a bland diet together with effective 
doses of atropine or belladonna in patients 
with angina associated with gastrointesti- 
nal symptoms. Porter-® has also reported a 
case in which the distribution of pain was 
that of angina pectoris and in which there 
were electrocardiographic changes asso- 
ciated with diaphragmatic flutter. The pain 
was absent and the electrocardiographic 
tracing normal during periods of normal 
function of the diaphragm. 

Hiatus hernia may occasionally be asso- 
ciated with a secondary anemia of signifi- 
cant degree as earlier noted by Bock, Dulin 
and Brooke®* and more recently by Har- 
rington* in 1 1 per cent of 198 cases in which 
operation was performed. The anemia is 
usuall}" the result of erosion of the mucous 
membrane associated with incarceration 
but may be due to actual ulceration or 
tumor. 

Opinions vary as to the indications for 
surgical repair of the hiatus hernia, and it 
is probable that many are of little or no 
importance. Harrington* has established 
the general rule that they should be 
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repaired if more than one third of the 
stomach is involved and if the general 
condition of the patient warrants such a 
procedure. Repair should certainly be done 
if the amount of stomach involved is 
sufiicient to permit its twisting upon itself 
or if the colon is also involved. In elderly 
patients whose general condition is poor, 
but in whom there is evidence of spasm of 
the diaphragm about the stomach, paraly- 
sis of the left phrenic nerve may give 
prompt relief and lasting benefit. 

CONGENITAL HERNIA 

The congenital herniae constitute the 
second largest group of diaphragmatic 
herniae. The group is of great interest 
because in it we find the greatest departure 
from the normal and also the greatest 
variation in the organs involved. They are 
often dramatic in their clinical course and 
may be the cause of death by asphyxia or 
as the result of intestinal obstruction. 

Respiratory symptoms usually predomi- 
nate over the intestinal symptoms in in- 
fants under one year of age, due to partial 
or complete collapse of one lung and dis- 
placement of the mediastinum. The diagno- 
sis may be suspected within a few minutes 
after birth when the attention of the ob- 
stetrician or pediatrician is arrested by the 
abnormallv weak erv of the infant. Cvano- 
sis may also be present. Physical examina- 
tion may show abnormal position of the 
heart with absent breath sounds on one 
side. These findings, either singly or com- 
bined, should be sufiicient indication for 
roentgen examination of the chest and the 
suspected diagnosis may thus be imme- 
diately confirmed without the administra- 
tion of barium. In children over one year of 
age the outstanding symptoms are usually 
those of recurring, partial intestinal ob- 
struction, although dyspnea and cyanosis 
may continue to be present in variable 
degree. 

It should be noted that an occasional 
patient with a congenital diaphragmatic 
hernia may live to old age without signifi- 
cant symptoms referable to the hernia, but 


it must also be noted that such a patient 
may live for years without symptoms and 
later die as a result of the lesion. Such a 
case is that reported by Stoll. -* 

The most common site of congenital 
hernia is through a persistent left pleuro- 
peritoneal canal, or foramen of Bochdalek, 
the left-sided herniae being approximately 
ten times more frequent than those on the 
right. Herniae through this opening are 
almost always of the false variety and thus 
suggest that the misplaced organs occupied 
this abnormal position prior to the comple- 
tion of the membrane dividing the celomic 
cavity. The major portion of the small 
intestine and at least half of the large bowel 
is usually involved. The terminal ileum and 
cecum are frequently to be found within 
the chest, thus showing an associated in- 
complete rotation of the colon. 

Less commonly, herniation occurs 
through the parasternal foramen of Mor- 
gagni and it is of interest that these are 
almost always (perhaps always) true her- 
niae. The organs Involved usually include 
only a segment of the transverse colon and 
omentum, but the antrum of the stomach 
has also been described in the opening. 

Occasionally, herniae occur through other 
parts of the diaphragm, and they may open 
into the pericardial cavity.-® Ladd-^ has 
described a case in which congenital hernia 
was associated with absence of the peri- 
cardium and Ochsner-® has operated upon 
a patient in whom there was absence of the 
anterior mediastinum. Ladd has remarked 
that it is surprising that associated anoma- 
lies of the pericardium and diaphragm are 
not more frequent in view of their intimate 
developmental connection. 

The great majority of congenital herniae 
involve one or more hollow organs and the 
correct diagnosis may thus be strongly 
suspected on films made without the use of 
opaque media. Solid organs, however, may 
also be involved, and in herniae occurring 
through the left side the spleen is usually 
lodged above the diaphragm. This causes 
no difficulty in diagnosis, but when only 
solid organs are involved, for example the 
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liver, the diagnosis is ver}' difficult and the 
homogeneous area of density at the base of 
the lung may be interpreted as a collection 
of fluid. 

In the past there was a tendency to post- 
pone anj' attempt at operative repair of 
congenital diaphragmatic hernia until the 
child had reached the age of several years. 
Experience, however, has shovm that the 
child with a large diaphragmatic hernia 
remains poorly nourished and underdevel- 
oped even though he may be free from 
obvious respiratory embarrassment or evi- 
dence of definite intestinal obstruction. 
Ladd and Gross- believe that the policy of 
waiting has been responsible for the loss of 
many lives and they have shown that 
infants in the first fortj^-eight hours of life 
stand major surgical procedures extremely 
well. These same authors are stronglj^ in 
favor of roentgen examination to confirm 
the history and physical findings, but point 
out that in many cases all of the necessary 
information may be obtained without the 
use of barium. An added risk of obstruction 
is thus avoided. Harrington-® is likewise in 
favor of early operation in all cases in which 
the large or small bowel is involved. I have 
been impressed the poor state of devel- 
opment and general health of several 
children in whom operative repair had been 
delayed, and have witnessed the rapid 
return to robust health after successful 
operation. 

These views are, therefore, in contrast to 
those of Kerr and Steinberg-’ who state 
that “Interest in this condition is more 
academic than practical as far as the physi- 
cian is concerned except, of course, when 
thoracentesis is contemplated.” 

TRAUMATIC HERNIA 

Diaphragmatic herniae due to trauma 
are always of the false t%'pe and are similar 
to the congenital herniae as regards the 
variability of site and of organs involved. 
Hedblom-® collected a large series of cases 
and found that about 90 per cent occurred 
in males and that 50 per cent were due to 
penetrating injuries. It seems likely that 


the number resulting from crushing injuries 
maj’^ be found to increase with the increase 
in automobile accidents. 

The opening in the diaphragm usually 
extends the full length of the muscle fibers 
and runs radially from the central tendon 
to the chest wall. The tendency of the 
opening to be of this slit-like character is 
seen even in those cases in which the origi- 
nal injur}"^ was that of a small object, such 
as a rifle bullet. In these cases it seems 
reasonable to believe that the originally 
small opening enlarges along the course of 
the muscle fibers as a result of repeated 
passage of the abdominal organs through 
the opening. 

The raw edges of the opening are con- 
ducive to the formation of adhesions and it 
is, therefore, understandable that the 
incidence of intestinal obstruction is higher 
in traumatic herniae than in an}' other 
group of diaphragmatic herniae. Operative 
repair is, therefore, indicated in all cases 
unless the general condition of the patient 
does not warrant such a procedure. Delay 
is hazardous since the operative mortality 
is greatly increased in the event of intes- 
tinal obstruction. 

EVENTRATION OF THE DIAPHRAGM 

Eventration of the diaphragm should be 
included in any discussion of diaphrag- 
matic herniae since the differential diagno- 
sis is often a difficult one. The condition is 
much more common on the left side than on 
the right and is rarely bilateral. The high 
but intact diaphragm may or may not be 
paralyzed and its motion may be normal, 
diminished, absent or reversed.-® 

Satisfactory roentgen demonstration of 
the elevated diaphragm is at times \’ery 
difficult, although it is normally possible in 
the right anterior oblique or right lateral 
positions. A number of procedures have 
been suggested for demonstrating the 
diaphragm and for differentiating eventra- 
tion from hernia but none has been found 
to be entirely trustworthy. 

As a rule the symptoms resulting from 
eventration are not severe and the diagno- 
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sis is suspected only because of the abnor- 
mal findings on physical examination. A 
few patients experience distress in the 
region of the left costal margin due to 
collection of gas in the stomach and colon. 
It will be noted that the fundus of the 
stomach may be well above its cardiac 
orifice in these cases and that gas may thus 
be effectively trapped there. 

Since the symptoms do not as a rule war- 
rant such a procedure only a few attempts 
have been made to correct the deformity. 
Correction by plication of the relaxed dia- 
phragm does, however, seem possible. 

COXGENIT.A.L ABSENCE OF THE DIAPHRAGM 

Congenital absence of the diaphragm is 
an even rarer condition but one which must 
also be considered. That the condition is 
not incompatible with life is shown by the 
patient reported by Harris and Greene.*® 
Their patient was thirty-one years of age 
and had two children. The pressure rela- 
tionships between the abdomen and left 
hemithorax in such a case are definitely 
abnormal but are identical with those of 
the patient with a large false hernia of the 
congenital or traumatic type. The condi- 
tion may thus be embarrassing and is of 
course not curable but is nevertheless 
compatible ^Yith life. 

The only merit in including the rare 
anomaly of congenital absence with the 
relatively common condition of diaphrag- 
matic hernia is to point out that the 
diagnosis is not possible except after careful 
exploration by a competent surgeon. It 
must be borne in mind that in many cases 
of congenital and traumatic hernia the 
remnants of the diaphragm cannot be 
demonstrated by roentgen examination, 
and yet in such cases sufficient diaphragm 
may be found to effect a satisfactory repair 
in almost all cases. Careful exploration 
should, therefore, be carried out in all 
suspected cases, since the danger of ob- 
struction is a very real one if the condition 
is actually that of hernia. 


SUMMARY 

Diaphragmatic hernia is an uncommon 
condition but is met with in almost all 
branches of the practice of medicine. 

The complete thoracic stomach is an 
extremely rare anomaly and apparently 
gives rise to few symptoms. The partial 
thoracic stomach with shortening of the 
esophagus gives rise to symptoms -which 
are most often the result of constriction at 
the junction of esophagus and stomach. It 
is important that both of these conditions 
be differentiated from the much more 
common hiatus hernia, in which the 
esophagus is of normal length and in which 
satisfactory surgical repair may be done. 

Earl}' operation is recommended for all 
cases of congenital and traumatic her- 
niae because of the danger of intestinal 
obstruction. 

Congenital absence of the diaphragm 
may not be diagnosed prior to careful 
exploration, 
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DEFORMITIES OF THE CHEST AND SPINE RESULTING 
FROM THORACIC DISEASE AND OPERATION: 
THEIR PREVENTION 

J. Dewey Bisgard, m.d. 

OMAHA, NEBRASKA 


I T is not enough merely to cure a disease. 
Always, every efl'ort should be made to 
restore a patient to as nearly a normal 
condition as possible. That is to say, a cure 
should be accomplished with the least 
possible functional, cosmetic and economic 
sacrifice. 

Too often, as a result of specialization 
there has developed among surgeons a 
tendency to become somewhat thoughtless 
of the fact that the human organism is an 
intimately integrated functional unit. 
Thoracic surgeons as a group are no excep- 
tion. In their zeal to improve or put right 
the organs within the chest they not infre- 
quently fail to appreciate the importance 
of the thoracic spine as an integral part of 
the thoracic cage. As a result not a few 
unnecessarily disfiguring and crippling de- 
formities have been permitted to develop 
and unfortunately once deformities have 
become established they are dillicult or 
impossible to correct. 

The preventable deformities with which 
we are concerned are the rotational and 
lateral curvatures of the spine which may 
be grouped under the caption of thoraco- 
genic scoliosis. These are of two types, 
pleurogenic or empyema, and thoraco- 
plastogenic or thorocoplasty scolioses. Since 
an understanding of the differences in the 
two types of curvatures and in the mecha- 
nisms of their production is essential to 
intelligent preventive and corrective man- 
agement, they will be discussed in some 
detail. 

1 he pleurogenic type is produced mainly 
by forces which act from within the chest 
and which are abnormal, namely, contrac- 
tion of pleural scar, while thoracoplastv 
scolioses arise from forces which normally 


act upon the spine, in which forces, how- 
ever, a disturbance of equilibrium has 
taken place. 



Fig. I. Diagr.nnim.atic drawings for .n com- 
parative analysis of rotatory- and non- 
rotatory scoliosis. To the left is illustrated 
the rotation deformity of the thorav of 
idiopathic scoliosis, which typifies the 
rotatory type of scoliosis. The drawing to 
the right represents the deformity of pleural 
scoliosis which uniquely is a nonroiatorv 
type of curvature. (From Bisgard, J. D. 
Thoracogcnic scoliosis. Arcb. Sure., ity: 

417, I034-) 

The normal thoracic spine is maintained 
in a state of static equilibrium by a balance 
of the opposing forces acting on the two 
sides of the vertebrae, and the ribs are the 
principal agents of support by virtue of 
their rigidity not only as bony struts but 
also as instruments through which the 
forces exerted by the attached muscles and 
ligaments and the forces of intrathoracic 
pressures and stresses are transmitted to 
the vertebrae through their costovertebral 
articulations. Thus, normally, each pair of 
ribs grips with pressure the vertebrae with 
which it articulates; and if the pressure 
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is unequal on the two_ sides or if it has been principally by the distortion resulting from 

removed from one side by the extensive the costal resection. 

resection of ribs, such as occurs in thoraco- In the production of pleurogenic scoliosis 



A B 

Fig. 2. Roentgenograms in a case of (a), thoracoplastj’ scoliosis, and (b) pleurogenic 
scoliosis. Compare with Figure i. Note that the thoracoplasty curvature results from 
herniation or protrusion of the spine into the unsupported side and as such is a de- 
ficiency deformity whereas the pleurogenic curvature results from forceful bending 
and is a contracture deformity. (From Bisgard, J. D. Thoracogenic scoliosis. Arch. 
Surg ., 29: 417, 1934.) 


plastic operations, the unopposed ribs push 
the vertebrae toward the unsupported side 
and a deviation results. A spine which was 
straight before operation will deviate with 
the convexit}' of the curve projecting into 
the side on which the operation was per- 
formed. This is the thoracoplasty t3"pe of 
scoliosis and results principally from re- 
moval of struts from one side of the 
vertebral bodies. It is a rotatory scoliosis 
as are all spinal curvatures with the excep- 
tion of the pleurogenic tj'^pe. That is, the 
vertebrae not only shift laterallj^ but also 
rotate around the vertical axis as they 
deviate from it. As the vertebrae rotate 
thej- twist the costal framework so that 
the thoracic wall on the side of concavit3% 
the unoperated side, becomes flattened 
posteriori^' and bulged anterior^. The de- 
formity' on the operated side is determined 


two mechanisms are operative. First, as a 
result of pleural irritation and of pain there 
develops protective spasm of the muscles 
on the affected side and the spine is bent 
with the concavity' of the curvature on that 
side. Thus there is an initial spastic 
scoliosis. Subsequently', the second and 
more important factor exerts its influence. 
The pleural scar resulting from chronic 
pleuritis from any' cause, such as a simple 
serous tuberculous effusion or tuberculous 
or nontuberculous empy'ema, contracts 
gradually' and through adherence to the 
ribs pulls them centripetally. Since the 
ribs, like bucket handles, can pivot only' at 
their extremities (the vertebral articula- 
tions posteriorly and the cartilages an- 
teriorly) and inscribe arcs as they are 
drawn mesialward, they also move down- 
ward. This force is transmitted to the 
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Fig. 3. An extensive fixed deformity which resulted from resection of ribs, a, roentgeno- 
gram sho^^ing bronchiectasis of the right lo%\er lobe, which had been filled \Nith 
iodized poppy-seed oil, 40 per cent. Note tlie slight sinister convex scoliosis, b, three 
years after total excision of the right lo^\er lobe after removing long segments of 
three ribs. The spine has reversed its curvature and completely collapsed into the side 
on which operation occurred. Note the rotation of the vertebrae and the deformity of 
the thoracic xvall caused by the rotation, c, photograph of the same patient illustrating 
the characteristic deformity of rotatory scoliosis. (From Bisgard, J. D. Thoracogenic 
scoliosis. Arch, Sur^., 29: 417, 1934.) 
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The nature of the etiolof^v of pleurogenic 
scoliosis makes it a distinct clinical entity. 
It diliers from all of tl»e other types in that 
tlterc is no, or but slifthl, rotation of the 
vertebral bodies. This disobedience to tire 
well rccottnized physical law of the dis- 
sipation of part of the bendinft force of rods 
into the production of rotation or twistinjt 
is due to the immobilization of the ribs in 
their retracted positions. The vertebrae 
cannot' rotate against the resisting pressure 
exerted on them by the ribs, which are 
rigidly fixed by the pleural scar. This scar 
in certain instances undoubtedly exerts 
force directly on tlie vertebral bodies. 



hu h h<- 


to p'l-'. 

■ III 'ot.lt 

:■■!! .ffi'l !i 'tj lib. 

al 

I iix- 

tl 

er flO'il 

t' tm.'i'!! 

fo th.e • p:r:f- 


! it it l[i 

f 1 

't« W ft 

h tiir - pi 

itif. Sffivr 

:• 

Uttlr <1 

f * : 

I- 1 f> i! it! 

1*1 of thf 

• v f-rte.hr.te, tin- 

tk 

■«:. 1 Ii 

< a 

Jr t‘.( r! 

o; 1 . oft! v 

the <i;- ti.'tfof, 

w i 

fill h ff 

i J 

!{• ffof) 

s i iV-f.ii 

b'.'idin;-. 'fhe 

f 

r fit: •{ 

di 


' Sfi the 

rot.itor', .-f’li 

u* 

OlMt -t' 


. f.p^ 

of • 1 1 1 ; 

>r !• ..re iiiii'- 

t i 

• Iti-l ifi 

I- 

1,'tlfr ! 

if!'! ' 



vit.h—: 

;.'h 

iiio- 1 

P !t!'-rtt- 

V, ith fih-iif.'il 

tU 

T.i'i-, f 

! 1 * / i \ V> itti 

[j’ihiio;! ; 

;fV ill i-.l'C .".r.'i 

.-!i 

■ th.it 

h.i 

v r h.-fi 

rxti-.'f 1 

f to l.i! rc'ci- 

t!> 

I'J’ , (fe-, 

t 

. i" 

Ip ■ •of!!i- 

t Uf. .ito 

fc o.' ch.’.ngr in 

t.b 


at of til 

fir llio.'. 

ore vertebrae. 

(o 


!e 

w ol thi 

•fit, loft'.t 

natelv, do the 

1 lU .it ure 

i 

■ 

to .1 'tac 

1 * o! deiofinitv 


ii.-v e .1 

!iV 

t iltlft .d 

itr.fioft.i 

me. It '•houlf! 

tir 

note' 1 

.?i 

tfi it 

delf'f {!!!(!;• t urv .itiirc' 

lie' 

chip r. 

i!e 

!v ifi .uliilt- . ,Mi < 

il the .iuthor’" 


i.oi'-i I: ae iiivtiirnl in thildrr.'i .ind .idolt-'- 
u-ot-. .\s st.ited in .1 previous puliiic.ttinn, 
"Severe deformitie-i are in most instances 
indatmefits oi in.ifletiu.tle tre.itment be- 
i.iU'e thev a.re prev eilt.fble. riu'N are 
imjjort.mt, .diiiough thev oicur intre- 
((ucntlv, bei'.tuse tlu v .tre irrepar.dile and 
bfc.iuse the extensive curvatures of the 
spine .tnd vltstortions ol the costal Irame- 
vvork produce not only disllgurement of 
great concern to the patient, but also 
incapacit v from impairment of cardiac and 
lespiratory functions which not infre- 
<|uently results in premature death.” In 
figure 3 is shown an extensive deformitv 
whieli resulted from resection of portions 
<if three ribs ami the lower lobe of the right 
lung. 

Disturbed anatomic relations of the 
heart and great vessels whieh impair their 
functional elliciency, and evidence of inter- 
ference with the return How of the pulmo- 
nary circulation with chronic passive 
congestion of the lungs have been observed 
freciuently at necropsy (Eckardt ipi"). 
These factors not only limit the patient’s 
activities but also diminish his ability to 
combat any severe illness successfully. 
Pneumonia is a frequent cause of death. 

Since it is dillicult or impossible to cor- 
rect established dcforntitics, wc should 
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concern ourselves principally with preven- with the chronicitv of the disease, and 
tive therapy. Every child and e\-ery with a few exceptions, reflect improper 
adolescent with pulmonary or pleural dis- treatment. The first objective in the pre- 



Fig. 5. Postural wedging to prevent development of a curvature in a case with em- 
pyema of the right pleural cavity. (From Bisgard, J. D. Postural wedge com- 
pression of thorax, J. Thoracic Siirg., 7:609, 1937.) 



FtG. 6. A patient with a dependcntly drained encapsulated interlobar empyema of the 
left chest, lying upon a Bradford frame upon the affected side which, with the 
drainage tube, protrudes through the gap free from pressure. In this position 
drainage is dependent, the spine is bent into a position of overcorrection and the 
unaffected side has unrestricted motion. (From Bisgard, J. D. Postural wedge 
compression of thorax. J. Thoracic Sure., 7: 609, 1937.) 


ease or who is undergoing operative treat- 
ment, which involves resection of portions 
of several ribs, should be considered a 
potential scoliotic and efforts to prevent de- 
formity should be instituted immediately. 

The spinal deviations resulting from 
muscle spasm associated with acute non- 
tuberculous empyema usually correct 
themselves when the empyema cavity is 
obliterated promptly. Deformities develop 


vention of pleural scoliosis, is therefore, the 
early closure of empyema ca^'ities by earh', 
adequate and dependent drainage. The 
earlier the cure of the pleural disease the 
less will be the accumulation of scar tissue 
for subsequent contracture. One may use 
the analogy of cutaneous burns and the 
contracture deformities which result from 
them unless the granulating surfaces are 
rapidly epithelized. 
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In pure tuberculous effusions, rapid The spine can be controlled and held in 
closure of pleural cavities may be effected a corrected or overcorrected position most 
only by repeated thoracenteses, because simply and most effectively by posture 



ABC 

Fig. 7 a, b and c. Plaster body cast used in arabulatorj’ treatment. It is applied with the 
thoracic, or primary,- cun'ature exaggerated so that the spine is wedged straight over 
the edge of the cast. (From Bisgard, J. D, Postural wedge compression of thorax. J. 
Thoracic Surg., 7: 609, 1937.) 


drainage is contraindicated, but drainage 
is applicable to manj' tuberculous effusions 
which are secondarily infected by pyogenic 
micro-organisms. 

In all cases with pleural effusions, re- 
gardless of the etiology, a constant effort 
should be made to hold the spine in align- 
ment or slight overcorrection during the 
major portion of each twenty-four hours 
during the period of active treatment. In 
cases which have developed evidence of 
curvature the above treatment should be 
continued for several months after the 
pleural cavity has been obliterated, in order 
to prevent deformity from latent contrac- 
ture of the pleural scar. With the exception 
of infants and unco-operative children, 
this can be accomplished in most patients 
by posture; the patient lies on his side in 
such a way as to deviate the spine in the 
direction of overcorrection sufficiently to 
counteract the tendenc^^ to pleural scoliosis. 


alone, or by bending the spine by postural 
wedging. In the latter procedure, illus- 
trated in Figures 4 and 5, the patient lies 
on either side on a soft compression wedge, 
such as a pillow, which is rolled in the 
direction of the long axis and placed at 
right angles to the axis of the bod3\ If this 
fulcrum is placed property, the weight of 
the body wedges the spine in the direction 
desired. Preferably, postural wedging is 
accomplished with the patient Bung upon 
the diseased side. The wedge is placed high 
in the axilla of that side (with the arm 
completely abducted and the head ele- 
vated) so that the entire thoracic spine is 
deviated in the reverse direction, the direc- 
tion of overcorrection. Lying upon the 
diseased side is preferred because it per- 
mits dependent drainage, immobilizes that 
side and does not interfere with the free 
respiratory excursions and pulmonary ven- 
tilation of the health}- side. This position 
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can be maintained (whereas it might commodate the buttocks, is shifted toward 
otherwise be impossible on account of the head end sufficiently to leave the lower 
pain) by anesthetizing the wound by half of the chest unsupported. Thus the 




B 

Fig. 8 \ and b. Postural wedging. An infant three months old with erapEeraa of the 
right pleural cavity. Spine held constantly in overcorrection in a plaster of Paris 
bed with a removable restraining lid. (From Bisgard, J. D. Postural wedge com- 
pression of thora\. J. Thoracic Surg., 7: 609, 1937.) 


crushing three intercostal nerves at the 
time of establishing drainage. It has been 
my practice to establish drainage by costal 
resection through the vertical incision ad- 
vocated by Churchill. This permits easy 
exposure of one intercostal nertm above 
and one below the resected costal segment. 
These three nerves I routinely crush. 

Several recent cases have been bedded 
upon Bradford frames as illustrated in 
Figure 6. A standard frame is suspended 
upon blocks in the usual manner so that it 
rests six or more inches above the surface 
of the bed. The gap between the canvas 
sheets, which ordinarily is placed to ac- 


patient can lie comfortably and almost 
constantly upon the affected side, with the 
drainage tube protruding through the gap. 
With pillows under the head and shoulder, 
the dependent side will sag into the gap, 
diverting the spine into a position of 
overcorrection as shown in the photograph. 
Also with the affected side do^^■n, drainage 
may be made more dependent and the 
diseased side somewhat immobilized by 
the superincumbent weight, while the 
normal, unaffected half of the chest is given 
a maximum of unrestricted motion. The 
heart and other intrathoracic structures 
gravitate into the effected side, encourag- 





32.^ Anifricnn Jnnrnnl of Surj-M-rv Bisgarcl— Chest and Spine Deformities 


OcrroiiiH, n) 4 i 


ing obliteration of the empyema cavity Young children may be held in position 
and increasing the capacity for ventilation for postural wedging in a plaster bed which 
of the lung on the unalTectcd side. is moulded to the body with the patient 




Fig. 0. A, a IuIktciiIous empyema of two vearA' tiur.'uion in a cliilti of four ye.ir.s 
has been productive of a moderately severe jtlcural scoliosis, n, tiic same 
patient two weeks after completion of a Scliede tliorncoplasty. Note the 
correction of ilie pleural scoliosis by the imbalance produced by the opera- 
tion. ('From Hisgarti, J. H. Thoracopenic scoliosis. Arch. 5 «rp., 29: 417, 
in34-) 


Of the methods of securing postural 
correction the use of the Bradford frame 
has proved the most satisfactory and will 
be used routinely by the author in the 
future. 

If the curvature persists after the patient 
becomes ambulatory, correction can be ac- 
complished and maintained by the use of a 
special type of plaster jacket. It is applied 
with the body bent to the affected side 
until the lumbar or secondary curvature 
has been corrected. The cast extends 
slightly below the greater trochanters on 
both sides and to the twelfth rib on the 
unaffected side. Very little padding is used, 
and the cast is made to fit very snugly. 
As the patient assumes an erect posture 
to establish balance, he automatically cor- 
rects the thoracic or primary curvature by 
wedging the spine over the edge of the 
cast. The principle is illustrated in Figure 7. 
This type of jacket should be worn for 
two or more months. After its removal, the 
patient should be seen at monthly intervals 
for at least a year, and with the slightest 
evidence of a recurrence of the curvature, 
the jacket or cast should be reapplied. 


lying on the side in a position of over- 
correction. The side walls should be high 
enough to prevent the child from rolling 
out of this position. A plaster of Paris bed 
is illustrated in Figure 8. Overcorrection 
in such a bed should be maintained for 
many weeks and until there is no tendency 
to recurrence of the cur\'ature. 

Although the vertebral column deviates 
or sags into the unsupported side of the 
chest after the extensive costal resections 
of a posterolateral thoracoplasty, the verte- 
brae are sufficiently plastic to permit con- 
siderable moulding and correction by force 
until it becomes fixed from four to eight 
weeks after operation by regenerated ribs, 
organized fibrous tissue and reinserted 
muscles. If correction is maintained during 
this reparative period, permanent cur\'a- 
tures will be minimized and often pre- 
vented. If, however, the periosteum has 
been destroyed or excised (as it is in a 
Schede thoracoplasty), the resected costal 
segments qre not replaced, and the spine is 
permanently deprived of much of its sup- 
port on the side on which operation has 
been performed. In many instances, how- 
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ever, this lack of support may compensate 
for the previous imbalance from the pleural 
scar and merely correct a preoperative 
pleurogenic scoliosis. Thus, as illustrated 
in Figure 9, the operation performed for 
the purpose of obliterating a chronic 
empyema cavity often corrects the curva- 
ture which is usually present in these cases. 
Not infrequently it overcorrects and re- 
places the pleurogenic by a thoracoplasty 
type of scoliosis. The postoperative prophy- 
lactic maintenance of correction by pos- 
tural wedging in these cases is beneficial 
but less effective than in the cases in which 
the extrapleural type of operation has been 
done. It is desirable, therefore, to obliter- 
ate as much of the empyema cavity as is 
possible by extrapleural resection of ribs. 

To prevent and correct thoracoplasty 
scoliosis, postural wedging should be insti- 
tuted within a few days after operation 
and maintained for at least six weeks, or 
until the reparative processes have fixed 
the thoracic wall. The procedure is carried 
out with the patient lying on the operated 
side but with the wedge placed exactly 
opposite or slightly caudal to the apex of 
the curve, as illustrated in Figure 4. 

With co-operation from the patient, 
postural wedge compression may be started 
immediately, or a day or two after oper- 
ation, and within a few davs mav be 
maintained almost continuously. 

Following thoracoplasty there is a tend- 
ency for the shoulder on the operated side 
to become elevated and if the costal resec- 
tion has not been carried below the seventh 
rib the tip of the scapula may become 
caught on the ridge formed by the un- 


resected ribs and hold the shoulder in an 
elevated position. This can be corrected by 
resecting the distal portion of the scapula. 

The treatment of extensive and rigid 
spinal deformities belongs to the province 
of orthopedic surgery, so will not be dis- 
cussed in this presentation. Suffice it to 
say that they are usually irreparable. 

SUMMARY 

1. Thoracogenic scolioses are of two 
types: pleurogenic and thoracoplastogenic. 
Both are preventable and are curable if 
corrected in their incipience. Extensive 
and rigid deformities of the spine and 
costal framework are incurable. 

2. Pleurogenic deformities can be pre- 
vented by (1) the prevention of the forma- 
tion of pleural scar by early cure of the 
empyema or pleuritis, and (2) the constant 
attention to maintenance of straight align- 
ment or preferably of over correction of 
the spine. This can be accomplished by 
means of (a) postural wedging, (b) correc- 
tive body casts of plaster of Paris, and (c) 
resection of ribs on the side of concavity. 
To facilitate correction and the use of 
corrective measures, it is helpful to anes- 
thetize the area of the wound by crushing 
the intercostal nerves which supply that 
area. 
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SLIPPING RIB CARTILAGE 

WITH REPORT OF CASES 


John F. Holmes, m.d., f.a.c.s. 

MANCHESTER, NEW HAMPSHIRE 


A BNORMAL mobility and the rcsult- 
/“A ing deformity of the anterior ends of 
the anterior costal cartilages of the 
vertebrochondral ribs (the eighth, ninth 
and tenth on either side) causing painful 
symptoms and disability, have received but 
little attention in medical literature. Some 
textbooks, notably that by Key and 
Connell, make brief reference to this condi- 
tion, but there is no general understanding 
as to what it is, why it occurs or how the 
symptoms are produced. It therefore seems 
wise to restate, to a large extent, my origi- 
nal paper, "A Study of the Slipping Rib 
Cartilage Syndrome,” which appeared in 
the Neiv England Medical Journal, 1941, 
comment anew on this symptom complex 
observed over a period of twentj-ninc 
years, and make a further report of 
cases. 

This syndrome has to do with the distal 
ends of the anterior rib cartilages, their 
interchondral articulations and the inter- 
costal nerves. It does not involve the costo- 
chondral junction of the anterior ends of 
the ribs. Barring anomalies, mistakes in 
numbering the ribs, and exceptions, it 
involves onB' the anterior cartilages of the 
first three false ribs, anatomically desig- 
nated vertebrochondral ribs, since their 
cartilages articulate anteriorly not with the 
sternum but with the cartilages of the ribs 
above. The}' are the eighth, ninth and 
tenth ribs on either side. 

In the Practitioner, 1919, under the 
caption “On Various Conditions That 
May Simulate the Referred Pains of 
Visceral Disease and a Consideration of 
These from the Point of View of Cause and 
Effect,” this sjmiptom complex was first 
reported by Edgar F. Cyriax,^ of the 
Medico-psychological Clinic, London. He 


specifically mentioned three cases treated 
expectantly. 

In the British Medical Journal, 1922, 
under the original title “Slipping Rib,” 
Davies-Colley,- Surgeon to Guy’s Hospital, 
London, reported two cases of distal end 
anterior rib cartilage displacement which 
he had operated upon by resection of the 
loosened cartilages with “complete relief of 
symptoms.” Davies-CoIIey- records that 
one of his patients had previously sub- 
mitted to an exploratory laparotomy 
without relief of symptoms, but was 
immediately cured by the removal of the 
loosened cartilage. 

Subsequently, and up to 1924, there were 
reported in the British Medical Journal 
under the heading “Slipping Rib,” eight 
other cases by five authors, three from 
England, one from Ireland and one from 
Egypt. Of these eight cases, three of the 
patients were operated upon with cure. 

In 1931, two cases were reported in 
America, one by Dewey Bisgard,® from the 
University of Chicago clinics and one by 
J. A. Darby,'* of Vancouver, Washington. 
Both of these patients were operated upon 
with cure. 

Davies-Colley- noted: “It is probably 
not a rare condition and is a trivial enough 
complaint in itself but it gives rise to most 
irksome symptoms. ... In its (the pain’s) 
position at the costal margin it resembles 
that due to so many deeper lesions of the 
abdomen and thorax, that I think it is 
quite likely that many cases occur in which 
such an apparently unimportant cause as a 
movable rib cartilage is unsuspected and 
the diagnosis missed.” 

Slipping rib cartilage is of common 
occurrence, often producing sj-mptoms that 
are sometimes of an incapacitating nature. 
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Diagnosis is made by the history and physi- 
cal examination. X-ray is helpful, by 
excluding deeper maladies of the thorax 
and abdomen. Cure is obtained by a simple 
operation. 

Failure to recognize this symptom syn- 
drome has led to needless laparotimes, pro- 
longed suffering and varying degrees of 
incapacity. Then, too, while the condition 
has been recognized, there does not appear 
to be any clear conception of its develop- 
ment. It therefore seems important to 
present again the primary fundamental 
features of this syndrome in the hope that 
it will lead to a more general understanding 
and stimulate a greater interest in the 
subject. 

This loosening deformity involves the 
costochondral articulations and the ante- 
rior ends of the anterior cartilages of the 
vertebrochondral ribs, namely, the eighth, 
ninth and tenth ribs on either side. It is 
produced first by the pulling away of the 
anterior end of the cartilage, and secondly 
by the curling upward of the loosened end, 
so that on motion the deformed end rubs 
against the inside of the rib above, causing 
pain; also on certain motions and manipu- 
lation the deformed end slips over the rib 
border with a click that is felt by the 
patient, and a pain that is sometimes severe 
and incapacitating. 

Figure i, an anatomical diagram of the 
framework of the anterior chest wall from 
Gray’s “Anatomy”^*’ recalls that the ante- 
rior ends of the anterior cartilages of the 
eighth, ninth and tenth ribs are normally 
connected to those above not by carti- 
laginous union, but by a fibrous attach- 
ment. Less clearly shown, but easily 
demonstrable, is a fibrous hammock sup- 
porting the cartilage ends and enclosing the 
interchondral synovial membranes of the 
costochondral articulations. This encircling 
type of attachment lends to the desirable 
mobility of the anterior chest wall and rib 
border, but at the same time it has the 
characteristic of instability of any joint and 
hence the susceptability to trauma. Impor- 
tant here to remember in the consideration 


of cause and effect is a statement of 
Howard Lilienthal:" “The weakest part of 
the thorax is along the costo chondral line 
on either side.” One should also have in 
mind, especially with reference to the 
development of symptoms, the various 
muscle origins and insertions with their 
divergent pull, the nerve supplies involved 
and the constant respiratory motions in 
this region. 

The intercostal muscles, Internal and 
external, occupy the intercostal spaces. 
Each arises from the lower border of the rib 
and costal cartilages above and are inserted 
into the upper border of the rib and costal 
cartilages below. Their fibers pass obliquely 
but in opposite directions, and extend from 
the tubercle of the rib behind to a point 
near the termination of the costal cartilage 
of the rib in front, where they end in a thin 
membrane. Their action is to stabilize the 
chest wall, particularly the intercostal 
spaces. Their nerve supply is from the 
intercostals. 

Figure 2 pictures the diaphragm which 
arises from the back of the ensiform 
process, from the cartilages and adjacent 
portions of the six lower ribs, from the 
lumbocostal aponeurotic arch and from the 
lumbar vertebrae. From this series of 
origins it converges to be inserted into a 
central tendon. The diaphragm is the 
principal muscle of inspiration. During 
inspiration the lower ribs are fixed. Con- 
traction of the muscle lowers the dia- 
phragm, exerting a strong pull on the rib 
border. “In all expulsive acts the dia- 
phragm is called into action to give addi- 
tional power to each e.xpulsive effort. Thus 
before sneezing, coughing, laughing, crying, 
or vomiting, and previous to the expulsion 
of urine or feces or of the fetus from the 
uterus, a deep inspiration takes place,” 
throwing sudden and added strain on the 
rib borders. The nerve supply is from the 
phrenic and lower intercostals. 

Figure 3 shows the transversus abdominis 
muscle which arises in part from the inner 
surfaces of the cartilages of the six lower 
ribs, interdigitating with the diaphragm to 
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be inserted into the crest of llie pubes, the 
pectineal line and the iinea alba. 

Figure 4 illustrates the obliquus intermix 


These abdominal muscles act in execut- 
ing and stabilizing trunk positions. They 
function in conjunction with the diaphragm 



.'irticulations, anterior 

abdominis muscle which arises by fleshy 
fibers from inguinal ligaments, the crest of 
the ilium and the lumbodorsal fascia. It is 
inserted into the pubic crest, pectineal line, 
iinea alba and the cartilages of the six lower 
(the false) ribs. 

Figure 5 represents the obliquus exlernus 
abdominis muscle which “arises b}' eight 
fleshy digitations, from the externa! sur- 
faces and inferior borders of the eight lower 
ribs and their anterior costal cartilages; the 
five superior serrations , . . are received 
between the corresponding processes of the 
Serratus anterior; the three lower ones . . . 
between corresponding processes from the 
Latissimus dorsi.” The muscle extends 
downward to be inserted into the anterior 
half of the crest of the ilium, and, opposite 
a line between the ninth costal cartilage 
and the anterior superior iliac spine, it ends 
in an oponeurosis which continues, to unite 
with its fellow of the opposite side, covering 
and partly enclosing the rectus abdominis. 

* All illustrations are taken from Gray’s “Anatomy,” 
Twenty-third Edition. Edited by Warren H. Lewis, 
B.S., M.D., Philadelphia and New York, 1936. Lea 
and Febiger, 


Fic. 2. The diaphr.ngm; undersurf.ice.'" 

to compress the abdominal viscera in all 
expulsive efl'orts, and to compress the lower 
thorax in assisting e.xpiration. “If the pelvis 
alone be fi.ved, the thorax is bent directly 
forward, when the muscles of both sides 
act, when the muscles of only one side con- 
tract, the trunk is bent toward that side 
and rotated toward the opposite side. If the 
thorax be fixed, the muscles, acting to- 
gether, draw the pelvis up^vard, as in climb- 
ing; or, acting singly, they draw the pelvis 
upward, and bend the vertebral column to 
one side or the other.” The nerve supply of 
the abdominal muscles comes from the 
lower intercostals and the lumbar plexus. 

The serratus anterior, also shown in 
Figure 5, is a thin muscle situated between 
the ribs and the scapula on the lateral 
aspect of the chest. It arises by fleshy 
digitations from the outer surfaces and 
superior borders of the upper eight or nine 
ribs and rib cartilages, and from the 
aponeuroses covering the inter3'ening inter- 
costals. From this extensive attachment the 
fibers pass backward, are closel}’^ applied to 
the chest wall, reach the vertebral border of 
the scapula and are inserted into its ventral 
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surface. The serratus anterior functions as 
a whole to carry the scapula forward, and 
at the same time raises the vertebral border 



Fig. 3. Tlie trans^•ersus ab- 
dominis.^® 


of the bone. It is therefore concerned in the 
action of pushing. It stabilizes the scapula 
and assists the trapezius muscle in motions 
at the sternoclavicular joint, the deltoideus 
muscle in raising the arm, and may assist in 
raising and everting the ribs. The nerve 
supply is “by the long thoracic, which is 
derived from the fifth, sixth and seventh 
cervicals,” by way of the brachial plexus. 

The latissimus dorsi (Fig. 5) is a tri- 
angular, flat muscle, which covers the lum- 
bar region and lower half of the thoracie 
region. It arises from the spinous processes 
of the lower six thoracic vertebrae, the 
lumbodorsal facia, the supraspinal liga- 
ments and the external lip of the crest of 
the ilium. It also arises from the three or 
four lower ribs, interdigitating with the 
processes of the external oblique muscle. 
This muscle passes obliquely upward, 
crosses the inferior angle of the scapula, to 
which it is lightly attached, and converges 
into a tendon which is inserted into the 
upper anterior aspect of the humerus below 
the lesser tuberosity. Its motion is con- 
cerned with the downward pull of the arms, 
as in felling a tree and in sabre practise. It 
may assist the pectoral or abdominal mus- 
cles in bringing the trunk forward, as in 


climbing, and raise the lower ribs in forced 
inspiration. Its nerve supply is the long 
thoracic. 



Fig. 4. The obliqiius internus ab- 
dominis.'® 


Posteriorly attached to the lower ribs, 
coming from above and below, are the deep 
muscles of the back, including the ilio- 
costalis lumborum and the dorsi group, 
notably the longissimus dorsi. Their action 
is to assist in bending and stabilizing the 
spinal column and the trunk. Their nerve 
supply is the posterior primary divisions of 
the spinal nerves, closely associated with 
the sympathetics. 

I have mentioned the muscles directly 
attached to the eighth, ninth and tenth ribs 
and their cartilages, but many other mus- 
cles and nerves are involved in the intricate 
mechanical processes of motion of the rib 
borders. The above is sufficient to suggest 
an explanation for the many signs and 
symptoms that characterize the sj'ndrome 
of slipping rib cartilage. 

ETIOLOGY 

Abnormal mobility of the anterior ends 
of these anterior rib cartilages may begin 
acutely as a partial separation of the fibrous 
attachment. On the other hand, it may be 
the result of multiple injuries — stretching 
of the fibrous attachments over a period of 
time, as from golfing or one-sided weight 
carrying. 
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That trauma or injury, direct or indirect, 
is the etiological background seems reason- 
able. Ballan and Spector''^ report eight 



Fig. }. The obliqiuis c.vtcrnus .nljclominis 
muscle, also indic.aiing tlie serratus 
anterior and the latissiinus dorsi.”* 


cases, under the title "Slipping Rib” and 
state in summary, “In most instances the 
slipping rib develops as a result of injury 
but that the patient frequently fails to 
attach any importance to the injury.” 

Deformity of the loosened rib cartilage 
end maj^ result from displacement of a frac- 
ture, as appeared in one case; but usually it 
is due to the curling upward of the loosened 
cartilage end, so that the curled end rises 
above and to the inside of the superior rib 
cartilage, mechanically slipping up and 
down on respiration. It also slips out and in 
over the rib border on certain motions of 
the chest and arms, and on digital manipu- 
lation, with a click and a pain which is 
diagnostic. 

From anal3fzing sixty-eight cases, fifteen 
reported prior to 1938,* seven bj' personal 
communication and fortj'^-six of mj"^ own, 
it appears that slipping rib cartilage results 
more often from indirect than from direct 
trauma, there being thirty-six of the first 
and fourteen of the latter. In six cases, both 

* The eight cases of Ballan and Spector are not in- 
cluded in this analysis. 


direct and indirect force was in evidence. 
Of the twelve other cases no attempt was 
made to establish a cause due, I believe, to 
incomplete histories. It is usually necessary 
to retake the histories of these cases; for, 
since the cartilage deformity develops over 
a period of time subsequent to the trauma, 
the patient frequentK' docs not associate 
the injur\' with the complaint and the cause 
is not recognized. This is particularly true 
of the cases of indirect injur}-. 

An c.vample of direct injury is the sudden 
application of a steering wheel against the 
lower ribs. Indirectly it ma\' be caused bv 
sudden flexion, extension, or twisting of the 
bod}', by repeated arm pulls, as in golfing, 
by a sudden pull on the arms in any form of 
lifting, by pushing, by the act of forced 
c.xpulsion, as childbirth or coughing, and by 
many other types of force, any of which 
may cause or aggravate the condition. 

In explaining the pain and tenderness 
associated with this syndrome, Cyriax' 
said, "Pain and tenderness produced by 
displacement of the anterior ends of the 
ribs or cartilages is doubtless due to irrita- 
tion of the intercostal nerves in the vicinity, 
from which it may radiate to the posterior 
spinal nerves and thence to the thoracic or 
abdominal sympathetics.” A diagram of 
the course and branches of a typical inter- 
costal nerve, from Gray’s^® Anatomy, page 
945, Figure 819, shows the logic of this 
statement. 

According to Gray,^® the intercostal 
nerves “pass forward in the intercostal 
spaces below the intercostal I'essels. At the 
back of the chest they lie between the 
pleura and the posterior intercostal mem- 
branes, but soon pierce the latter and run 
between the tu'o planes of intercostal mus- 
cles as far as the middle of the rib. They 
then enter the substance of the intercostals 
interni, and, running amidst their fibers as 
far as the costal cartilages, they gain the 
inner surfaces of the muscles and lie be- 
tween them and the pleura. Near the 
sternum, they cross in front of the internal 
mammary artery and transversus thoracis 
muscle, pierce the intercostals interni, the 
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anterior intercostal membranes and pecto- tribution and communication of the tho- 
ralis major, and supply the integument of racicoabdominal intercostal nerves may 
the front of the thorax and over the further explain the widespread and varying 
mammae, forming the anterior cutaneous pain symptoms. 



Fig. 6. Diagram of the course and branches of a 
typical intercostal ner%’c.'® 



Fig. 7 . Intercostal 
nerves, the super- 
ficial muscles hav- 
ing been removed 
(testus).^® 


branches of the thorax. . . . Each nerve is 
connected with the adjoining ganglion of 
the sympathetic trunk by a gray and white 
ramus communicans.” 

Another diagram from Grav’s^® Anat- 
omy, page 947, Figure 221, further depicts 
the course and distribution of the tho- 
racicoabdominal intercostal nerves (the 
seventh to the eleventh inclusive), their 
communication with the iliohypogastric 
nerve of the lumbar plexus, and particu- 
larly shows the close relationship at the 
costochondral junction of the vertebro- 
chondral ribs, so that if the end of the 
vertebrochondral anterior rib cartilage be- 
comes loosened, deformed and slips up 
under the rib cartilage above, there is a 
strong probability of nerve irritation. Sub- 
stantiating this reasoning is the evidence 
that when the loosened and deformed 
cartilage is removed, the pain disappears 
immediately and permanently. 

Keeping this diagram in mind, one can 
understand that the nerve above the lesion 
is particularly involved, and that the dis- 


As pointed out by Cyriax,^ and later by 
Davies-Colley,- the association of the 
sympathetic system with the intercostal 
nerves accounts for pain symptoms which 
suggest deeper lesions of the abdomen and 
thorax. Whether the interchondral joints 
which are involved in slipping rib cartilage 
contribute in any way to the pain manifes- 
tation is worthy of consideration. 

Pathological examination of specimens 
obtained from these operations has shown 
nothing of interest. 

Deformitv of the loosened cartilage to 
produce the click usuall}^ develops second- 
arily, and therefore ma}^ not be recognized 
as coming from the original injurj'. 

With these points in mind, I believe that 
a carefully taken history will, in all in- 
stances, show the etiology to be direct or 
indirect trauma. 

DIAGNOSIS 

Diagnosis of slipping rib cartilage is 
made from the history- of pain in the chest 
or abdomen, usually, in part at least, at or 



332 American Journal of Surgery Holmcs — Slipping Rib Cartilage 


October, 


near the rib border, and over a period of 
time. Some of the patients complain of a 
slipping sensation or of something giving 
away at the rib borders, associated with 
pain. Others speak of bunches on, or of 
soreness of, the rib borders. By digital 
examination with the patient in the supine 
position and the knees flexed, an area of 
tenderness at the rib border is noted, espe- 
cially^ when the examiner’s fingers are well 
under the rib border and pressing outward. 
At the same time the abnormally movable 
rib cartilage, with its associated click and 
pain, may be demonstrated. The slipping 
rib cartilage is easy to demonstrate in some 
cases and difficult in others so that, given a 
suggestive history, and an area of tender- 
ness at the rib border, a tentative diagnosis 
can be established and repeated examina- 
tions or examination under anesthesia 
made to confirm it. This is especially true 
of the acute case in which muscle spasm 
is likely to prevent satisfactory local 
examination. 

The intensity^ of pain complained of is 
frequently? well away from the rib border in 
the anterior chest wall, the breasts, the 
heart region, the shoulder blades, the back 
and the abdomen, but usually? there is an 
associated general soreness of the “ribs” 
and an acute localized tenderness at the rib 
border. It is important to rule out other 
possible causes or factors, especially? when 
the pain sy?mptoms involve the abdomen 
and raise the question of an intra-abdomi- 
nal lesion, and here x-ray? examination is of 
great assistance. The same is true of the 
chest when a question of fractured rib is 
considered, either as a cause or contribu- 
tory? factor of pain. 

Limitation of chest expansion as demon- 
strated by measurement is a suggestive 
diagnostic feature. 

Positions of carriage and action of the 
body and limbs are noteworthy?. Some 
patients are bent forward and to the af- 
fected side, some cannot raise their arms 
without causing pain. Some have pain in 
bending forward and rising from a for- 
wardly bent position, so that they accom- 


plish this act by crouching and rising with 
the back straight. 

It is of the greatest importance in diag- 
nosis to have this sy?ndrome in mind and 
also to have a clear understanding of its 
development. 

TREATMEN?T 

Cy?riax^ treated his patients consen?a- 
tively?, but other cases reported have been 
treated mainly? by excision of the loosened 
cartilage. This has usually? resulted in im- 
mediate and permanent relief of sy?mptoms. 

Personally?, I have treated the acute con- 
dition conservatively? by? adhesive strap- 
ping. Later, in the course of one to three 
months or longer, if the symptoms persist, 
and with sufficient severity?, I advise opera- 
tion, excision of the loosened rib cartilage. 

Some of my patients have, in part at 
least, recovered under conservative treat- 
ment; some of them have declined opera- 
tion, preferring to tolerate the pain or are 
still considering operation. Those patients, 
twenty-two in number, whose symptoms 
had continued and who submitted to opera- 
tion, were treated by excision of the rib 
cartilage or cartilages involved with excel- 
lent and often dramatic results. 

OPERATION 

The incision is made in the direction of 
the slope of the ribs, three finger-breadths 
above the umbilicus and centered at the 
anterior-axillary? line; or starting at a point 
one finger-breadth anteriorly? and above the 
tip of the eleventh rib cartilage (which can 
easily? be felt) the incision is made in the 
direction of the slope of the ribs to the mid- 
axillary? line. Having exposed the muscles, 
the operator’s fingers are hooked under the 
rib border, and an examination made of 
the tenth, ninth and eighth rib cartilages, 
identifying the cartilage or cartilages in- 
volved. The surgeon supports the loosened 
cartilage with the fingers and the muscles 
are separated down to the cartilage which 
is to be removed and back to its articula- 
tion with the rib. After pushing the anterior 
muscle attachments awav disarticulation is 
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performed, using a scalpel. The disarticu- 
lated end of the cartilage is grasped in 
double hooks, the muscle attachments, 
laterally and beneath, are dissected off and 
the cartilage removed. A further examina- 
tion is then made of the adjacent cartilages 
for any abnormal notion or deformity. If 
found, these cartilages should also be re- 
moved. If not found, the incision is closed. 
Beginning at a point between the end of the 
operated rib and the rib above, a suture of 
plain catgut is taken through the inter- 
costal muscles. To this point the adjacent 
intercostal muscles, previously detached 
from the cartilage, are drawn in for protec- 
tion. Continuing with the same suture the 
external muscle rent is brought together 
and the skin incision closed. 

CONVALESCENCE 

Convalescence is usuall}’ uneventful. 
Temporary bowel and urinary inaction 
may be expected as the operation involves 
muscles that assist in these expulsive acts. 
The patient is immediately relieved of the 
"old pain” and leaves the hospital in from 
three to ten days. It is important to dis- 
criminate between the "old pain” and the 
pains that patients sometimes have follow- 
ing this, or any other type of operation; 
hence the value of a carefully taken 
preliminary history. Otherwise the imme- 
diate operative results ma}' be wrongl}"^ 
interpreted. 

ANALYSIS OF CASES IN WHICH OPERATION 

WAS PERFORMED 

Of thirty-seven patients operated on, 
eight in the literature prior to 1938, eight 
by personal communication and twenty- 
one of my own, the ages ranged from six to 
fifty-seven years; the condition occurred 
on the left in fourteen cases, on the right in 
thirteen cases, and bilaterally in ten cases. 

One rib was involved in twenty-one 
cases, two ribs in 1 1 cases, three ribs in one 
case and four ribs in four cases. 

There was an area of tenderness at the 
site of the lesion in all cases. There was a 
wide variation in the character of pain. In 


some cases it was dull, in others sharp, 
especially on manipulation of the cartilage; 
in still others it was gripping or pulling. In 
some cases the pain was so modified that it 
was hardly recognized as such by the pa- 
tients until questioned, and they frequentl}^ 
did not realize their handicap until they 
had been relieved of the annoyance. 

Pain was constant in some cases; in some 
it occurred with different positions of the 
body or after certain types of muscle pull. 
Instances occurred in which remission of 
symptoms was brought about b}'^ rest from 
work or from forced rest in bed, occasioned 
by illness. 

Following excision of the offending carti- 
lage or cartilages, cure was obtained, 
permanent and usually immediate. There 
was no mortality. 

CASE REPORTS 

Case i. F. T., a seventeen-year-old shoe- 
worker, was first seen at mj’- office on October 
28, 1938. He stated that two days previouslj’ 
he caught his left sleeve in a roughing brush 
and was pulled up to the machine with a 
twisting motion, lacerating his upper arm. At 
that time, aside from the arm injury, he felt a 
sharp pain in the left rib border, and had 
noticed some soreness there since. 

Physical examination revealed an abrasion 
and contusion of the left upper arm with infec- 
tion, localized tenderness at the left rib 
border, and general soreness of the left anterior 
chest. 

The arm lesion healed readily, but the chest 
symptoms persisted. One month later, an 
examination showed tenderness still present at 
the left rib border, and, on digital manipula- 
tion (the patient in supine position, with the 
knees flexed) the anterior end of the tenth 
anterior rib cartilage was found to be abnor- 
mally loosened and deformed — curled up under 
the rib cartilage above. It could be slipped out 
over the rib border, producing a click and a 
pain. The diagnosis was slipping rib cartilage 
of the tenth left rib. The tj'pe of force to pro- 
duce this injury was indirect, from pull on the 
arm and torsion of the body at the time of the 
accident. 

Treatment was conservative at first, the 
chest being strapped with adhesive plaster. 
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'Flic condition grew worse, and the patient be- 
came incapacitated for work. On Septemljer tr), 
1040, at the Sacred Heart Hospital, .Man- 
chester, New Hampshire, an o|)eratii>n was 
performed. The anterior end of the tentii 
anterior rib cartilage was found to ire abnor- 
mally loosened and curlerl up under the rib 
cartilage above. On manipulation, it could be 
brought out over the rib border, producing a 
click. The loosened and deformed cartilage \\;is 
excised. The patient was inimerliately and com- 
pletely relieved of symptoms and left the hos- 
pital in six days. His convalescence was short 
and uneventful. He returned to work in about 
four weeks, has remained well and has worked 
steadily. 

Cash ii. A. F., a fifty-one yc.ir-old U’.P.A. 
sewing project worker, was first seen at my 
oflicc on January lo, 1040. She stated that on 
that day she caught her toe in the handle of a 
bulkhead door and fell on a concrete sidewalk 
with the left arm under her. At the same time 
she injured both knees. She complained of 
pain in. and general soreness of, the anterior 
chest with especial tenderness on the left side 
along the rib border, also of pain in the left 
upper arm and both knees. 

Physical examination revealed general sore- 
ness of the anterior chest, particularly on the 
left side and more especially at the left rib 
border, contusion and discoloration of the left 
upper arm, laceration and swelling of both 
knees. The arm and knee injuries gradually 
healed but the chest symptoms persisted. 

On April u, 1940, her complaint was pain 
in the left rib border, aggravated by stooping, 
by lateral motion, by deep breathing, and by 
raising of the left arm. Examination showed 
localized tenderness at the left rib border, with 
a deformity and slipping of the anterior end 
of the ninth left anterior rib cartilage, asso- 
ciated with pain. The diagnosis was slipping 
rib cartilage of the ninth left rib. The type of 
force to produce this injury was direct, from 
pressure of the left elbow on the rib border at 
the time of the fail. 

The treatment at first was conservative, 
consisting of adhesive plaster strapping of the 
left chest, but no relief was obtained. On April 
23, 1940 (three months after the injury), an 
operation was performed at the Elliot Hospital, 
Manchester, New Hampshire- The anterior end 
of the ninth anterior rib cartilage was found to 
be abnormally loosened and deformed — curled 
up under the rib cartilage above. On manipu- 


lation it c.ame out over the rib border with a 
click. 1 he ninth left anterior rib cartilage was 
excised. Disappearance of pain was indefinite 
at first, and convaic.scence was slow. On Max' 3, 
1940, the patient was disch.-irged from the hos- 
pital, relieved; but she did not return to her 
employment until about three months later. 
Since then she has worked .steadily. 

Cxsr; in. .M. A. F., a thirty-year-old domes- 
tic, was first seen at my oflicc on February 23, 
1040, at the recfuest of Dr. Roland Joyce of 
Nashua, New I lampshirc. She stated that on 
December 30, 1939. while riding in an auto- 
mobile which was involved in an accident, she 
suffered a direct injury to her chest. She felt 
some p.'iin, and the folloxving day noted dis- 
coloration at the right rib border; but she 
considered her condition casual and did not see 
her physician until three weeks later, when she 
complained of pain at the rib borders, exag- 
gerated by deej) breathing or by txvisting and 
flexing of the body. The symptoms became 
more severe until she was incapacitated for 
work. 

Physical examination rcxcalcd a localized 
tenderness at the rib borders, with slipping 
and deformity of the anterior end of the tenth 
anterior rib cartilage, bilaterally. The diag- 
nosis xvas slipping rib cartilage of the tenth rib, 
bilaterally. The type of force to produce this 
injury was direct, received at the time of the 
accident. 

On April 8, 1940, an operation was per- 
formed at St. Joseph’s Hospital, Nashua, NTw 
Hampshire. Examination at that time shoxxed 
the anterior end of the tenth anterior rib 
cartilage on both sides to be abnormally 
loosened and deformed — curled up under the 
corresponding rib borders. On manipulation 
they could be brought out over the rib car- 
tilages above with an audible click. The 
eleventh ribs and their anterior cartilages xvere 
abnormally long. The tenth and elex-enth 
anterior rib cartilages on either side xvere 
excised, the elex-enth being remox-ed for 
symmetry in relation to the anterior ends of 
tire tenth ribs. The patient made an early and 
complete recox cry. On .May 19, 1941, Dr. Jo3'ce 
reported that she remained completelx' reliex-ed 
and had xvorked steadi!}-. 

Case iv. M. L,, a txventy-year-old shoe- 
worker, was first seen at mv office on August 16, 
1940. She stated that following childbirth four- 
teen months previousix', she began to hax e pain 
in her right side. (In 193" she had been operated 
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upon for gallbladder disease and the gallbladder 
removed, following which she remained well for 
two years.) After childbirth, when she began to 
experience pain in the gallbladder region, she 
felt that her symptoms were due to adhesions 
resulting from the gallbladder operation. The 
pain, which was definitely localized at the right 
rib border, became progressively worse, and she 
had been unable to work for one year. 

Physical examination revealed general ten- 
derness about the right upper quadrant of the 
abdomen and adjacent lower chest, with a 
localized area of tenderness at the right rib 
border. There was an abnormal mobility and a 
deformity of the anterior ends of the ninth and 
tenth right anterior rib cartilages, which, on 
manipulation, slipped out over the rib border 
with a click and a pain — recognized by the 
patient as her complaint. The diagnosis was 
slipping rib cartilage of the ninth and tenth 
right ribs. The type of force to produce this 
injury was indirect, from muscle pull in stabil- 
ization of the lower chest, and abdominal 
compression in the expulsive act of cliildbirth. 

On August 27, 1940 (fourteen months after 
the injury), an operation was performed at the 
Elliot Hospital, Manchester, New Hampsliire. 
The abnormal looseness and deformity of the 
anterior ends of the ninth and tenth right 
anterior rib cartilages were demonstrated and 
the two cartilages removed. The patient was 
immediately and completely relieved of S5'mp- 
toms and was discharged from the hospital in 
five days. She returned to her work one month 
latter and has remained well ever since. 

Casev. C. S., a forty-year-old cloth inspec- 
tor, was first seen at my office on September 14, 
1940, at the request of Dr. Joseph A. Saplenza 
of Lawrence, Massachusetts. The patient stated 
that on September i, 1940, while lifting a heavy 
bolt of cloth from the floor, he felt a sharp pain 
in his right chest near the rib border. The pain 
had continued and was aggravated by deep 
breatliing, stretching, coughing, bending of the 
body, or by any motion requiring the use of the 
chest muscles on the right side. The sjmiptoms 
had become progressively worse and he was 
incapacitated. 

Physical examination revealed that the pain 
point, of which he complained, was about two 
inches above the right rib border. The tender- 
ness, however, was at the rib border, and the 
anterior ends of the ninth and tenth right 
anterior rib cartilages were found to be abnor- 
maily loosened and deformed — curled up under 


the rib cartilages above. On manipulation, 
which was difficult because of acute muscle 
spasm, a click, with an associated pain, was 
demonstrated. The diagnosis was slipping rib 
cartilage of the ninth and tenth ribs. The type 
of force to produce this injury was indirect, 
from muscle pull in chest stabilization and 
abdominal compression during the act of 
lifting. 

On September 23, 1941, at the Clover Hill 
Hospital, Lawrence, Massachusetts, an opera- 
tion was performed. The abnormally loosened 
and deformed ninth and tenth right anterior rib 
cartilages were demonstrated and removed. The 
patient was immediately relieved, made an 
uneventful recovery and returned to work in 
about three weeks. On May 16, 1941, Dr. 
Sapienza reported him to be free of symptoms 
and in excellent health. 

Case yi. L. St. A., a twenty-two-year-old 
mill hand and laborer, was first seen at my 
office on March 25, 1941, at the request of 
Dr. R. C. Seed of Lawrence, Massachusetts. 
The patient stated that on January 16, 1940, 
wliile pushing a heav}"^ truck, he felt a pain in 
his rib borders, especially on the left side. As he 
continued to work, the pain became worse from 
day to day. He felt it most severely while work- 
ing, but was uncomfortable for some time after 
he stopped working. The symptoms became 
intensified, and after two weeks he was given a 
lighter job, at which he continued for eleven 
months. His complaint was pain at the rib 
borders, particularly on the left, while standing 
erect, while walking about, in kneeling, and in 
other motions of the body. He was incapaci- 
tated for work. 

Physical examination revealed a localized 
tenderness at the rib borders, with an abnormal 
mobility and a deformity of the anterior ends of 
the ninth and tenth anterior rib cartilages on 
either side. By digital manipulation, these 
curled up cartilages could be brought out over 
the corresponding rib borders, producing an 
audible click, with an associated pain. The 
diagnosis was slipping rib cartilage of the ninth 
and tenth ribs, bilateralljv The type of force to 
produce this injury was indirect, from muscle 
pull in the act of pushing, and over a period of 
time. 

On June 10, 1941, at the Clover Hill Hospital, 
Lawrence, Massachusetts, an operation was 
performed. The abnormally loosened and de- 
formed ninth and tenth anterior rib cartilages 
on either side were demonstrated and removed. 
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On June 28, 1941, Dr. Seed reported that the 
result was very satisfactorjs there had been no 
complaint of the old pain since the operation. 

Case vii. P. St. G., a six-year-old school 
boy, was first seen at my office on March 31, 
1941. His mother stated that in August, 1940, 
she was riding in the back of a truck, sitting on 
an improvised seat and holding the child on her 
lap, when a collision with an automobile oc- 
curred. When she saw the imminence of the col- 
lision, she grasped the child tightly about the 
lower chest. Both were thrown forward, and the 
child came in contact with another board seat 
in front, bruising his left rib border. He was 
taken to a hospital, .v-rayed, and examined by a 
physician. Subsequent^, he was re-examined 
by another physician and .x-rayed at another 
hospital, with negative reports. Meanwhile he 
had complained of pain at the rib borders, 
particularly on the left side. He cried, walked 
with his body bent forward, and could not play 
like other children, because of pain at the rib 
borders. 

Ph3'sical examination showed his general con- 
dition to be good. There was tenderness at the 
rib borders, and on digital manipulation the 
anterior end of the tenth anterior rib cartilage 
on either side was fouhd to be abnormallj' 
loosened and deformed — curled up under the 
corresponding rib cartilage above, and when 
brought out over the rib border, produced a 
click, with an associated pain. The diagnosis 
was slipping rib cartilage of the tenth rib, 
bilaterally. The type of force to produce this 
injury was direct, from pressure of the mother’s 
arms, and from contact of the chest with the 
seat in front at the time of the accident. 

On June 12, 1941, at the Hillsborough Gen- 
eral Hospital, Grasmere, New Hampshire, an 
operation was performed. The abnormally 
loosened and deformed tenth anterior rib 
cartilage, on each side, was demonstrated and 
removed. The patient was immediatelj’- relieved 
of his sjrmptoms and was discharged from the 
hospital on June 24, 1941. There has been no 
complaint since and the child walks and plays in 
his natural way. 

Case vni. B. B., a seven-j^ear-old school 
boj'’, was first seen at mj’’ office on May 5, 1941. 
His complaint was of intermittent pain across 
the upper abdomen. His mother stated that he 
had a severe attack of whooping cough in 
April and Maj' of 1940. The pain attacks in the 
upper abdomen began in Julj^ 1940. They 
became worse, and the mother thought they 


might be due to appendicitis. Recently the 
child was examined at a clinic where the mother 
was told that he did not have appendicitis. He 
continued to have abdominal pains, and his 
mother then wondered if they might be due to 
adhesions from a hernia operation performed 
two years previously. During the two weeks 
just passed, the pain attacks had been more 
severe and more frequent, occurring every daj% 
and on the da}' before he had suffered six 
attacks. 

Phj'sical examination showed the patient to 
be fairly well developed and nourished. He 
walked with a stoop and held himself rather 
tense. There was localized tenderness at both 
rib borders, and the anterior end of the tenth 
anterior rib cartilage on either side was found 
to be abnormall}' loosened and deformed — 
curled up under the corresponding rib cartilage 
above, and on digital manipulation could be 
brought out over the rib border, producing a 
click with an associated pain which corre- 
sponded to the sj'mptoms. The abdomen was 
negative. The previous hernia repair was in 
excellent condition with no evidence of recur- 
rence. The diagnosis was slipping rib cartilage 
of the tenth rib, bilaterall}'. The type of force 
to produce this injurj' was indirect, from the 
muscle pull in cougliing, which began in April 
and May of 1940, during the attack of whoop- 
ing cough; but the deformitj' to produce the 
pain developed later so that the etiological 
factor in the case was obscure. 

On May 6, 1941, at the Elliot Hospital, 
Manchester, New Hampshire, an operation was 
performed. The loosened and deformed carti- 
lages as previously described, were demon- 
strated and removed. On May 8, the patient 
stated that the pain was gone, and on Maj' 12, 
six daj's after the operation, he was discharged 
from the hospital. He has remained entirelj' free 
from symptoms and walks in a normal waj'. 

SUMMARY AND CONCLUSIONS 

I. Slipping rib cartilage is a definite 
lesion involving the anterior ends of the 
anterior cartilages of the vertebrochondral 
ribs, namel}', the eighth, ninth and tenth on 
either side. It is not concerned with the 
costochondral articulations. 

It is due to a loosening of the fibrous 
hammock-like attachment of the anterior 
end of the cartilage, and the loosening is 
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followed by deformity — a curling upward 
of the cartilage end — so that it rises to the 
inside of the rib above and comes in close 
relation to the intercostal nerve which is 
the seat of pain. 

It is always of traumatic origin, either 
direct or indirect, more often the latter. 

It occurs singly, and as multiple and 
bilateral lesions. 

Age or sex are of no consideration. 

2. The cartilage deformity develops over 
a period of time subsequent to the injury. 
The patient frequently does not associate 
the injury with the complaint, and the 
cause is not recognized; this is particularly 
true of indirect injury. 

Since the rib border is the weakest part 
of the chest wall, a direct injury, even of 
minor severity, may cause the lesion, espe- 
cially in the nonathletic. 

Due to the muscle attachments and the 
different directions and degree of muscle 
pull, this loosening may occur in many 
ways. 

There is a wide distribution of nerves 
involved, namely, the intercostals con- 
nected with the sympathetic system, and 
the brachial and lumbar plexuses. By way 
of the sympathetics, the intercostal nerves 
are connected with the cardiac, the solar or 
epigastric, and the hypogastric plexuses 
which, in turn, have branches to the 
viscera. 

L Thus the pain manifestations cover a 

ide field. The intensity of pain complained 
of is frequently well away from the rib 
border — in the anterior chest wall, breast 
region, shoulder blades, back, abdomen, 
and so forth; but usually there is an asso- 
ciated general soreness of the “ribs” (so 
spoken of by the patient), and a localized 
area of tenderness at the rib border. 

3. Diagnosis is made from the history of 
pain in the chest or abdomen over a period 
of time. Usually the pain is in the anterior 
chest, at or near the rib borders. 

There is a localized area of pain at the 
rib border, the site of the lesion. 

By digital manipulation, with the pa- 
tient in the supine position and the knees 
flexed, the abnormally loosened and de- 


formed cartilage can be brought out over 
the rib border with a click and a pain that is 
diagnostic. 

X-ray examination is of assistance in 
ruling out deeper lesions of the chest and 
abdomen. 

4. The pain of slipping rib cartilage is 
not like other pains. It is usually a dull ache 
and is often tolerated for years, even a life 
time. Some patients scarcety realize that 
they are Impaired until operation is per- 
formed and their annoyance is taken away. 
Others suffer severely, and are acutel}^ and 
completely incapacitated. 

There are many cases of obscure pain 
associated with the chest and abdomen 
which may have as their background the 
slipping rib cartilage. Therefore, examina- 
tion of the rib borders should be made 
routinely, and information relative to the 
syndrome should be generally disseminated. 

The acute condition should be treated 
conservatively. Later, in the course of from 
one to three months, if the symptoms 
persist and with sufficient severity, excision 
of the loosened, deformed cartilage or 
catilages involved should be advised. Oper- 
ation results in permanent and usually 
immediate relief of symptoms. There has 
been no mortaIit3^ 
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INTRACTABLE PEPTIC ULCERS-ARE THEY A SURGICAL 

OR A MEDICAL PROBLEM?^^ 


I N any discussion of the treatment of 
peptic ulcer, there always arises the 
question of what is to be done with 
the patient who does not get relief from the 
usual treatment or the one who gets re- 
peated attacks of ulcer symptoms in spite 
of careful dieting. In the many reports of 
the results of treatment for ulcer, in which 
the percentage of '‘cure” by medical 
treatment is estimated usually at from 70 
to 80 per cent, it is assumed that the other 
20 to 30 per cent of cases are “intractable 
ulcers,” for which surgical treatment is 
indicated. Surgeons, finding that results of 
the older types of operation in these cases 
have not been reasonably successful, have 
become more and more radical in their 
operative procedures, until now subtotal 
gastrectomy is unblushingly recommended 
for even uncomplicated duodenal ulcers. 
Pharmaceutical houses, seeing here a fertile 
field for newer forms of medication, have 
outdone each other in producing prepara- 
tions which will cure even intractable 
ulcers. The result is that now we have a 
very imposing array of drugs for oral and 
parenteral use, each of which can be tried 
in turn in any stubborn case, and credit for 
a cure is given to the one which happens to 


be administered at the time symptoms may 
subside spontaneously. The fruitless and 
often acrimonious discussions of the treat- 
ment of ulcer b}' adherents of the different 
forms of therapy, which have made this 
subject taboo at polite medical meetings, 
should be considered an indication that no 
treatment by medicinal preparations is uni- 
formly successful and that usually no 
treatment of the ulcer itself is required 
unless rest and frequent feedings of bland 
food have failed to relieve symptoms 
and repeated gastrointestinal studies have 
shown persistence of ulcer findings. There 
is at present no criterion of “intracta- 
bility” in ulcer. Whether the term is to be 
used to describe the cases in which prompt 
relief of symptoms is not obtained by the 
usual dietetic or medicinal measures, 
Avhether it shall refer onl}’ to an unusually 
long period of symptoms before the patient 
has been put on an ulcer regime or whether 
unusually frequent recurrences of ulcer 
symptoms shall be the criterion, has never 
been established. Anj’- one of these situ- 
ations has in the past been deemed a 
sufficient reason for radical operative pro- 
cedures, often to the detriment of the 
patient and to the chagrin of the surgeon. 
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In order to establish a satisfactory treat- 
ment for an intractable ulcer it is necessary 
to know the reasons for the intractability; 
and in order to understand why some ulcers 
are intractable, it is well to review briefly 
what is known about the etiology and course 
of peptic ulcer. Confronted by a constantly 
increasing array of reports of work being 
done in the experimental production of 
ulcers in animals and of their prevention or 
cure bj" various measures, with their ap- 
parent applicability to human ulcers, the 
clinician is led to believe that the produc- 
tion of ulcer is largely the result of acid 
erosion of the gastric or duodenal mucosa 
and that treatment directed to alkalini- 
zation is absolutely' necessary for healing. 
And yet how contrary to fact and experi- 
ence is this conception of ulcer. In the early 
days of experimental production of ulcers, 
before extensive mechanical procedures 
were instituted which undoubtedly have 
often interfered with healing, it was held 
that ulcers in animals were not like human 
ulcers, because they healed spontaneously 
with such rapidity. In the human, on the 
other hand, it has long been insisted upon 
that a diagnosis can almost certainly be 
made from the typical history of recurrent 
attacks of ulcer symptoms, with intervals 
of freedom from symptoms, and each 
attack self-limiting, even though the pa- 
tient has seen no physician, has not sus- 
pected that he has had an ulcer and has 
gone through his attacks with no treatment 
at all unless he has discovered that tem- 
porary relief of symptoms could be ob- 
tained from food or alkali. From such a 
history one must be led to believe that 
ulcers either heal or become temporarily 
quiescent without treatment and in the 
presence of acid gastric juice. Repeated 
roentgenologic and gastroscopic observa- 
tions of ulcers in patients who have re- 
ceived no treatment at all or at least no 
anti-acid treatment, have demonstrated 
the complete and rapid healing of ulcers 
while they were being bathed in highly 
acid gastric juice. It has long been my 
opinion that the gastric juice, by keeping 


the ulcer surface clean and perhaps slightly 
irritated, may actually promote healing. 
My experience of thirty years in the treat- 
ment of ulcer without any attempt at acid 
neutralization has shown just as good if not 
better results than in those cases in which 
some such anti-acid treatment has been 
used. After all, it is safe to assume that an 
uncomplicated ulcer will heal sponta- 
neously if given a chance and that treat- 
ment must be directed to relieving the 
patient of hunger pains by frequent feed- 
ings of bland food while the ulcer is healing. 

But what about the etiology of peptic 
ulcer? In spite of many e.xperimental obser- 
vations, one finds most authors stating that 
the cause of ulcer is not known. Although 
Rosenow' twenty-eight 3'ears ago demon- 
strated the relationship between peptic 
ulcers and focal infections, and although 
clinical experience in the thorough eradi- 
cation of all focal infections has shown that 
onl\' bj- this procedure can one be reason- 
ably certain of preventing recurrence of 
ulcers, these observations have not been 
general!}' accepted as evidences of such an 
etiologic relationship. This has been largely 
due to the fact that confirmation of Rose- 
now’s work was not conclusive, largeh' due 
to a difference in the technic used in the 
experiments. Rosenow having attributed 
the ulcers to infection b}' the Strepto- 
coccus A'iridans, it was natural that most 
later experiments b}’ other workers were 
made with the intravenous injection into 
animals of pure cultures of these organisms 
with resulting failure to produce ulcers. 
Rosenow, in most of his work, injected 
suspensions of material obtained directl}' 
from the infective foci in which the organ- 
isms were found to be present on culture. 
This material contained more than organ- 
isms. It contained undoubtedly not only 
living and dead organisms and their 
products, but also tissue from the site of 
the infected area, more or less destro^'ed by 
the grov'th of the organisms, as well as 
phagocj'tes and other factors concerned 
with the local infection. And this fact 
brings us to the little noticed but pains- 
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taking and scientific studies of Fenton B. 
Turck,- who demonstrated the production 
of typical indurated ulcers in dogs follow- 
ing the intravenous injection of extracts 
made from macerated tissues of the same 
animal or of another animal of the same 
species. He attributed the production of the 
ulcer to a toxin which he at first called 
cytolysin and later cytost, present in dead 
tissues, and which, when injected, would 
produce areas of focal necrosis in various 
parts of the body, usually where there was 
an end artery, as along the lesser curvature 
of the stomach. Three entirely independent 
observations seem to confirm Turck’s 
findings ; 

1. The presence of cytost in Rosenow’s 
suspensions or its absorption from infective 
foci would explain the production of ulcers 
and other lesions entirely independent of 
infection, bacterial migration taking place 
later because of the production of proper 
“soil conditions” at the new focus. 

2. The absorption of cytost from exten- 
sive burns of the skin, from comminuted 
bone fractures and from fields of operation 
would account for the hitherto unexplained 
occurrence of ulcers following such injuries. 
It brings up the question whether the 
changed physiological processes following 
experimental operative procedures in ani- 
mals produce the ulcers observed to follow 
these procedures or whether they are 
caused by absorption of cytost from the 
operative field. In humans, the perforated 
ulcers following cholecystectomy, appen- 
dectomy or pelvic operations can be 
explained on this basis. 

3. The pathological work on ulcer done 
by Lewis Gregory Cole^ and confirmed by 
many pathologists, demonstrates that pep- 
tic ulcers start as areas of focal necrosis 
under the mucosa undoubtedly due to some 
blocking of the circulation, as from an 
obliterating endarteritis or arterial spasm, 
breaking through the mucosa much as boils 
do in the skin and healing rapidly, with 
more or less scarring depending upon 
the size of the ulcer and its location. If the 
necrotic area is deeply located near the 


serosa, it may break through the serosa 
alone, producing adhesions, or in conjunc- 
tion with a break in the other direction, 
producing perforation. Involvement of 
blood vessels in the necrotic area accounts 
for hemorrhage. The rapid attraction to the 
necrotic and later ulcerating area of all 
cells and fluids having to do with healing 
accounts for the induration, edema, round 
cell infiltration and rapid healing, with 
larger and smaller areas of cicatrization 
depending upon the size and location of the 
ulcer. Deeply located necrotic areas, with 
serosal reactions or with partial or com- 
plete but walled-off perforations, often 
producing cysts or abscesses protected by 
plastic exudates or by adhesions to neigh- 
boring organs, account for the finding of 
perigastric and periduodenal adhesions to 
omentum, gallbladder, biliarj- tract and 
pancreas. These excessive reactions with 
resulting dense scarring, horn}' induration, 
deforming adhesions and obstructions may 
produce persistent symptoms due to their 
actually interfering with the healing of the 
ulcer or to the production of symptom 
producing complications. 

That there are such things as allergic 
ulcers has been amply demonstrated. Usu- 
ally multiple, they resemble “canker sores” 
and heal in the same manner. They produce 
very aggravated ulcer symptoms, and may 
often be the site of severe hemorrhages, 
small size and rapid healing accounting for 
the absence of roentgenologic evidences of 
the cause of the bleeding. Recently we have 
seen through the gastroscope such ulcers 
resembling small erosions in three cases of 
recurrent gastric hemorrhage in individuals 
known to be victims of food allergy. 
^^'hether Turck’s ulcers were really allergic 
in origin or whether all ulcers are allergic 
manifestations, due to sensitization to 
some substance produced at the site of an 
infective focus, an operative field or an ex- 
tensive area of necrosis of tissue, is still 
open to question. The fact remains that 
most ulcers develop after there have been 
symptoms of some acute infection else- 
where or of increased activity or after some 
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operative proecclure at a previously existent 
infective focus. In a susceptible individual 
the occurrence of ulcer symptoms after 
such a story is a perfectly normal situation 
and can be demonstrated to be due 
to an entirely new ulcer and not to in- 
tractability on the part of an ulcer pre- 
viously demonstrated. 

In discussing intractability of ulcer, it 
has frequently been considered proper to 
consider symptoms the criterion of intracta- 
bility. However, the hunger pains of ulcer, 
due to excessive hunger contractions in a 
stomach made irritable by the presence of 
the ulcer, may persist for a time after the 
healing of the ulcer can be definitely estab- 
lished. Hunger pain due to repeated or con- 
tinuous though often small allergic ulcers 
will persist until the foods to which the 
patient is sensitized are removed from the 
diet. The persistent pains, often immedi- 
ately aggravated by food, seen in the deep 
or serosal type of ulcers, and due to peri- 
toneal irritation or distention by the pres- 
sure of food extruding into the deep crater, 
usually subside with healing of the ulcer; 
but, if actual walled-ofT perforation has 
occurred interfering with such healing, 
these pains may be quite persistent and 
may call for operative relief, even when 
their cause has not been recognized. Pains 
referred to other regions co-incidentiy dis- 
eased, as in the case of the right subcostal 
pains in which biliary tract disease is a 
complication, the right lower pains occur- 
ring with ileocecal or appendiceal pathol- 
ogy or the left lower pains of sigmoid or 
pelvic disease, are often a confusing factor. 
If due to ulcer, these pains usually occur at 
the hunger period and disappear with ulcer 
healing, but if due entirely to the co-inci- 
dent disease they may occur at any time 
and may persist even though the ulcer is 
healed. If the character of the pains occur- 
ring in ulcer is carefully studied, confusion 
with the pains of cardiac or pulmonary 
lesions or of tabetic crises can usuallj’ be 
avoided. The retrostaltic s\rmploms, fulness, 
heartburn, belching, sour eructations or 
regurgitations, may be due to the ulcer 


itself, to complicating causes or only to 
habit. The lomin'ng, which may be retro- 
staltic in origin or due to the presence of an 
ulcer at or very close to the pylorus, may 
disappear with the subsidence of the swell- 
ing around an active ulcer, or may persist, 
due to the subsequent development of a 
real organic obstruction from a scar or from 
perigastric or periduodenal adhesions. The 
hemorrhage, when mild, due to surface 
bleeding or capillary oozing, will usually 
subside rapidly with healing of the ulcer. 
Severe hemorrhages due to small deep 
multiple ulcerations or to the tearing across 
or erosion of a vessel involved in the 
necrotic process, while usually subsiding 
quickly in ordinary cases under proper care, 
may be quite intractable in the presence of 
marked horny induration or of dense adhe- 
sions holding a vessel stiffly open. In such 
cases even operative interference may be 
futile. 

From the foregoing discussion it is 
readily seen that if operative measures arc 
to be instituted for the treatment of in- 
tractable ulcers, it is not wise or safe to use 
symptoms as a criterion of intractability. 
As has been pointed out, symptoms may be 
persistent even though an ulcer has healed 
completely and satisfactorily, and it is in 
such cases that so often unnecessary and 
even decidedly harmful operative attacks 
upon the stomach have been made in the 
hope that short-circuitings or excisions 
might influence symptoms or prevent re- 
currences of ulcers. The only true criterion 
of intractability is one based on anatomical 
findings as observed by standard pro- 
cedures such as gastric analysis and 
roentgenological or gastroscopic studies re- 
peatedly performed, and in the following 
discussion the subject will be discussed 
from that viewpoint. It is convenient to 
divide the cases with persistent ulcer 
symptoms into three groups: those showing 
no roentgenological evidence of ulcer, 
those showing evidence of the presence of 
an uncomplicated ulcer and those with 
evidence of complications: 


Nbtt SvRii-'' VoL. LIV, No 2 


Editorial 


AmcriL in Journal of Sury:Lr\ 


343 


i. In the absence of roentgenological evi- 
dence of the presence of an ulcer even 
though typical and persistent ulcer symp- 
toms are present there may at times be 
also no evidence of ulceration by either 
gastroscopy or gastric analysis, the gastric 
irritability being due either to psycho- 
neurological factors, to nonulcerative aller- 
gic reactions or to the fact that the ulcer 
causing the irritability has healed before 
the observations are made. Or on reviewing 
the case it may be found that the symptoms 
may not be typical of ulcer but may be of 
cardiac, pulmonary or tabetic origin. How- 
ever, in many cases visible blood may be 
seen in the gastric contents during frac- 
tional removal and there may or may not 
be evidence of disturbed secretion. In these 
cases, gastroscopy may often reveal the 
lesion causing the symptoms and findings: 
there may be a small single ulcerative 
lesion suspicious of early malignancy or 
there may be multiple small mucosal ulcers 
suggesting an allergic origin. In the latter 
cases a study of the patient’s allergic re- 
actions to food or other substances should 
establish the diagnosis, should reveal the 
causes of the gastric mucosal reactions and 
should therefore indicate the method of 
successful treatment, usually merely ab- 
stinence from the foods causing the reac- 
tions. In the cases suspected of malignancy, 
repeated observations should be made to 
determine whether the lesion heals, indi- 
cating its benign nature, or whether it 
shows no tendency to heal but rather to 
increase in size, indicating its malignancy. 
In the rare cases in which through a rigid 
gastroscope a biopsy specimen might be 
obtained from such an area, a very early 
diagnosis could be made and a fine chance 
for surgical cure would be available. 

II. IVibere roentgenologic evidence of an 
unconiplicated idcer is present in stomach or 
duodenum, and the symptoms and signs do 
not subside in the usual manner, several 
explanations for their persistence may oiler 
themselves : 

I. The most important reason may be 
that the diagnosis was incorrect, that what 


was thought to be a simple gastric ulcer 
was reall}’ a carcinoma. In such cases early 
gastroscopy may at times show the typical 
appearance of malignanc}' and there may 
be a persistence of blood in the gastric con- 
tents on repeated observations. However, 
on repeated roentgen study within two to 
four weeks the persistence or increase in 
size of the ulcer crater and defect or their 
beginning irregularity of outline should 
occasion a very definite suspicion of carci- 
noma and indicate immediate wide excision 
of the affected area, even though at oper- 
ation the gross findings might not be 
typically those of malignancy. 

2. The persistence of the ulcer may be 
due to the fact that it is due to a specific 
infection, such as a tuberculous or syphilitic 
ulcer, although such ulcers more closely 
resemble carcinoma than simple ulcers. 
The tuberculous ulcer may take a long 
time to heal; the luetic one may clear up 
quickly under thorough antisyphilitic ther- 
apy, although both may leave deformities 
which would make exploration, because of 
the possibility of malignancy, desirable. 

3. Unless careful comparison of films is 
made, the ulcer found on later observations 
and really a new ulcer at a different loca- 
tion in stomach or duodenum, may be 
mistaken for persistence of original ulcer. 
Such development of successive ulcers is 
not uncommon and is usually due to re- 
current activity or operative attack upon 
some infective focus, to some new local or 
general infection or to an allergic reaction, 
the history being often quite clear in regard 
to one of these factors. No operative inter- 
ference is necessarily indicated in such a 
case, as the new ulcer mav 2:0 on to the 
usual spontaneous cure. 

4. A persistence of the s^'mptoms and 
roentgenologic signs of ulcer may be due to 
complications which ma}’ have been present 
but overlooked in the original study of 
the case. Such complications may be of 
several types, as follows: 

A. They may be inherent in the ulcer 
itself, as in the case of a marked horn}^ 
induration keeping the ulcer from healing. 
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of external adhesions and deformities in. Complicated ulcers should usually be 
keeping its edges apart or of actual walled- recognized at the time of the original 
off perforation accounting for the per- study of a case. Marked deformities in the 
sistent crater seen in the roentgen films. prepjdoric or postpyloric regions, especially 

B. The}^ be lesions in stomach or with deep craters or pockets, fixed or 
duodenum which tend to irritate the ulcer almost immovable on fluoroscopic study, 
and interfere with healing, or to cause with or without evidences of obstruction, 
persistence of symptoms even after the and giving the appearance and often the 
ulcer has healed. Adenomas or diverticula physical evidence of the presence of a 
or even a severe gastritis or duodenitis may mass, should be suspected from the start 
be included in this group. Treatment will as being complicated ulcers or malignan- 
depend upon the nature of the lesion. cies. In such cases a careful ulcer regime 

c. They may be lesions in other parts should be promptly instituted, and if on 
of the gastrointestinal tract and its ap- rest, suitable diet and eradication of focal 
pendages, such as the biliary tract, pan- infections such a patient still shows the 
creas, appendix, colon and rectum, which same roentgen findings at the end of three 
by reflex or retrostaltic irritation or in the or four weeks, prompt surgical treatment is 
case of the biliar}' tract and pancreas, by indicated. Even in severe cases the period 
contiguity or adhesions, aggravate and of ulcer treatment is not to be considered 
prevent the rapid healing of the ulcer, a waste of time, as it is surprising how 
Such cases may require operation for some cases, even with marked obstruction, 
relief of the persistent symptoms. will have almost cleared up during the 

D. They may be lesions located outside interval. And in the cases in which opera- 

of the gastrointestinal tract, acting en- tion must be performed later, the improve- 
tirely through a reflex mechanism, or also ment in the patient’s general condition, 
through contiguity or adhesions to the the correction of circulatory and nutritive 
gastrointestinal tract, producing retrostal- deficiencies and the restoration of more 
tic phenomena, either keeping an ulcer normal tone to the gastric and intestinal 
from healing or causing posthealing per- musculature will do much to insure an 
sistence of symptoms. Lesions of the pelvis uneventful postoperative course. These 
or the urogenital tract are included in this complicated cases are the ones which are 
group, and in these cases also operation usually described as intractable, as “fail- 
may be necessary. ures of medical treatment,” and surgeons 

E. The complications causing persistence love to present the removed specimens at 

of signs or symptoms of ulcer may be meetings, asking how medical treatment 
endocrine in character, w'ith thyroid, para- could possibi}' have cured such ulcers, 
thyroid, pituitary, adrenal or gonadal It is imperative that these cases should 
dyscrasias occasionally responsible and be recognized at the start, that patients 
requiring appropriate treatment. be told that operation will probably be 

5. At times the actual treatment may necessary and that the treatment being 
be responsible for the long continued failure recommended will encourage healing, if 
of healing of an ulcer. A diet containing this is possible, and will assure a successful 
insufficient vitamins, the use of alkalis operation if this is required later. In order 
to the point of alkalosis or the employment to be certain that no other complications 
of drugs to w'hich a patient is allergic may are being overlooked it is necessary, before 
surely prevent and prolong such healing, instituting treatment in any case of ulcer. 

It is therefore important, before declaring that not only a complete gastrointestinal 
an ulcer Intractable, to be sure that a safe study be carried out, but that any patho- 
and adequate course of treatment has been logical conditions in the biliar}' tract, pan- 
previously prescribed and carried out. creas, urogenital organs, respirator}- tract 
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and cardiovascular system be searched for 
and properly treated. It is only by pains- 
taking care that patients with ulcers can 
be successfully treated. 

SUMMARY 

1. Peptic ulcer symptoms may occur 
without demonstrable ulceration or may 
persist after healing of ulcer. 

2. Persistent ulcer symptoms may be 
caused by gastric carcinoma, tuberculosis 
or syphilis. 

3. Persistent ulcer symptoms may be 
caused by successive ulcers at short in- 
tervals, new ulcers in slightly dift'erent 
locations being recognizable upon study. 

4. Persistent ulcer symptoms may be 
caused by complications of the ulcer or 
complications other than in the ulcer itself, 
many requiring operative interference. 

5. Allergy may cause repeated ulcers, 


may prevent healing or may produce 
symptoms simulating ulcer. 

6. Inadequate or improper treatment 
may prevent healing and thus prolong 
symptoms. 

7. The truly intractable peptic ulcer is a 
complicated ulcer, one prevented from 
healing by scarring, walled-off perforation, 
adhesions, deformities or obstruction, and 
should be recognized as a probable surgical 
case at the time of the initial study. 

8. Operation should not be performed in 
any case until careful and repeated studies 
have revealed true persistence of an 
ulcer or permanent deformity resulting 
therefrom. 
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IMMEDIATE COMPLICATIONS OF OPERATIONS FOR 
ACQUIRED CATARACTn 

CERTAIN COMPLICATIONS AFFECTING THE ANTERIOR AND POSTERIOR 

SEGMENTS OF THE EYEBALL 

Conrad Berens, m.d. and Donald Bogart, m.d. 

NEW YORK, NEW YORK 


P\RT I — ANTERIOR SEGMENTS 

T he great importance of preventing 
complications of cataract extraction 
in relation to the prevention of blind- 
ness is well known and has been a stimulus 
for this study. The first steps in the preven- 
tion of these complications are a thorough 
preoperative study of the patient and the 
treatment of focal infections as well as 
other general diseases. Because of the more 
universal adoption of the intracapsular 
method and its more general use fay jmung 
surgeons in training, we believed that a 
study of the immediate complications of 
cataract extractions performed during a 
two-year period at the New York Eye and 
Ear Infirmary and a careful review of the 
literature might furnish valuable informa- 
tion. A total of 1,004 clinic patients were 
operated upon for acquired cataract by 
surgeons, assistant surgeons and house 
surgeons. Of this number 302 were intra- 
capsular extractions and 702 were extra- 
capsular extractions. (Table i.) Mature 
senile, immature senile, hypermature, com- 
plicated, congenital, cortical, posterior 
cortical, nuclear, perinuclear, cataracta 
nigra, coerulean, diabetic, traumatic, pos- 
terior polar and anterior polar cataracts are 
included in this series. 

It is interesting to note that 50 per cent 
of the extracapsular extractions were per- 


formed after preliminary iridectomjL This 
would seem to indicate that extraction 
with preliminarj" iridectom}’’ is still con- 
sidered b}' some surgeons the safest opera- 
tion and is especially desirable in the 
presence of complications. This finding 


Table i 

T\PES OF OPERATION PERFORMED IN 1,004 CATARACT 
OPERATIONS 


Operation 

Intra- 

capsular 

Extra- 

capsular 

Extraction after prelimmarj 

1 


iridectomy 

I 18 

351 (iO^c) 

Combined 

.76 

341 

Simple 

7 

10 

Extraction after trephine 

I 

1 

Total 

1 302 

702 


coincides with the consensus of opinion of 
the surgeons at the International Congress 
of Ophthalmolog}^ in Washington in 1922. 

The average age of the patients 
upon whom intracapsular extraction was 
performed was sixtj^-five, although the 
ages ranged from twenty-seven to ninety 
years. Van Lint^ employs the intracapsular 
method in patients o^’^er sixty 3’^ears of age. 
However, man}' surgeons prefer to use this 
method on the majorit}' of patients over 
lift}' years of age. In the extracapsular 


* Presented before the Pan-American Medical Association, January 15 to 31, 1938. 
t Aided by a grant from the Ophthalmological Foundation, Inc. 
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series, the average age was sixty-two, al- 
though the ages ranged from t^^■enty-two 
to eightv-five years. 

The immediate complications of the 
intracapsular and extracapsular extrac- 
tions occurring in the 1,004 patients are 
tabulated in Table ii. The results are 
expressed in terms of final corrected vision. 
The fact that many of the patients did not 
return or were unable to be contacted fol- 
lowing their discharge from the hospital is a 
challenge to the social service department 
of the hospital. Unfortunately, this situa- 
tion is not limited to one hospital.”"'’ Al- 
though some patients may not have 

Table u 

CO.MP.ARISON OF COMPLICATIONS IN INTRAC^PSCLAR .AND 
EXTRACAPSLLAR CATAR.\CT EXTRACTIONS IN 1,004 
P.ATIENTS 

; ! 

Intra- E.vtra- 

ConipHcations ‘ capsular , capsular 

1302 Cases) j {702 Cases) 

: I 

! 

Loss of vitreous | 30 (p.oCf) 1 63 (p-T^) 

Prolapsed vitreous i ! 2 

I femorrhage in anterior i 

E.\pulsive hemorrhage | 2 (o.7‘)c) 3 (o.43<'r) 

Dislocated lens I i i 

Loop e.\tractions j 4 (1,4*4.) j 34 (j*'r) 

Collapse of cornea I i , i 

Prolapse of iris and ciliary • 

body 1 t o 

Detaciiment of choroid, - - ■ , 1 ' o 

Capsule remains in anterior ! | 

chamber o ; i 

i i 

Total * 53(‘7.5 ‘T){ii 5 (t 6.4*“c) 

I 

returned because of illness or could not be 
located because of incorrect or fictitious 
addresses, some clinic patients apparently 
believe that an improved visual field and 
perception of light is all that can be e.x- 
pected following cataract extraction and 
therefore never return to be examined for 
cataract lenses. 

Discussion 0/ Table II. Among the 
intracapsular extractions, loss of vitreous 
was the most frequent complication, occur- 
ring in 9.9 per cent of the 302 cases. This 
complication was also most frequently 
observed in the extracapsular cases; the 


percentage being 9. However, it must be 
remembered that the number of cases in 
the extracapsular series was considerablj' 
larger than that in the intracapsular series. 
Moreover, the majority of the extracapsu- 
lar extractions were performed for com- 
plicated cataract. This would seem to 
suggest that loss of vitreous in the hands of 
the average ophthalmic surgeon is more 
likely to occur with the intracapsular than 
with the extracapsular method. The fact 
that the incidence of vitreous prolapse is 
slightly greater is offset largely by the 
freedom from postoperative endophthalmi- 
tis probably phacogenetic® or phacoana- 
phylactic" which was previously reported.® 

The lens was extracted by means of a 
loop in thirty-four (5 per cent) of the extra- 
capsular cases while this procedure was 
only necessary in four (1.4 per cent) of the 
intracapsular cases. 

Hemorrhage occurred in twelve (4 per 
cent) of the intracapsular extractions and 
in ten (1.4 per cent) of the extracapsular 
extractions. 

The fact that the incidence of expulsive 
hemorrhage was higher after the intra- 
capsular operation possibly suggests the 
greater danger of this method. 

The other complications, which were 
observed, occurred only in a few cases but 
the percentage of incidence was approxi- 
mately the same following both procedures. 

The complications occurring in the pos- 
terior portions of the eyeball not included 
in the anterior segment will be discussed in 
a later communication. 

I. COMPLICATIONS ASSOCI.ATED WITH THE 
INCISION 

A. Improper hitroduction of the Graeje 
Knife. If care is not exercised in placing 
the cutting edge of the knife upward, 
introduction of the Graefe knife with the 
sharp edge of the blade downward is a fairly 
common mistake. If this error is noted 
before the counterpuncture is made, it is 
advisable to remove the knife and wait for 
the restoration of the anterior chamber. If 
the malposition of the knife is not noted 
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until the counterpuncture has been made, 
it is usually better to remove the knife and 
dissect a small conjunctival flap downward. 




Fig. I. Cataract incision uith Jones-Scimiter 
knife. 

completing the incision with special sclerot- 
omy' scissors.® If the knife is reversed in 
the wound, the aqueous is usually lost. 
Moreover, the anterior chamber will be so 
shallow that the iris may be injured while 
attempting to complete the section, unless 
the incision is extremely high in the cornea 
or an iridectomy has been performed. We 
prefer to complete the section with scleral 
scissors rather than wait several days, as is 
suggested by some authors. Improper 
introduction of the knife, especially at the 
counterpuncture may be caused by dilata- 
tion of the pupil. This may be prevented by 
the use of butyn or pontocain as a local 
anesthetic. 

Introduction of the knife reversed in 
making a section is not nearly so frequent 
or dangerous as placing the point of intro- 
duction of the knife or thecounterpuncture 
too far posteriorly, nor as inconvenient as a 


section too far forward which often splits 
the cornea leaving a posterior corneal shelf. 
Inexperienced surgeons attempt all too 
often to make a large section even with a 
dilated pupil. It is better to follow the 
general rule that in making an upward sec- 
tion the back of the knife be level with the 
pupillary' margin in passing across the ante- 
rior chamber. 

n. COMPLICATIONS ASSOCIATED WITH THE 
IRIS 

A. InjUTv lo the Iris. If the point of the 
knife in entering the anterior chamber 
engages the iris, it should be directed 
further forward. However, if iridodialysis 
is being produced, withdrawal of the knife 
may' be necessary until the anterior cham- 
ber has reformed. Bulging of the iris in 
front of the knife as the counterpuncture is 
made may be caused by loss of aqueous or a 
shallow chamber. The curved cataract 
knife of Paton^® or the scimiter-shaped 
knife of Jones (Fig. i) should be employed 
in the presence of a shallow chamber. A 
complete section can be made with little 
pain provided anesthesia has been carefully 
induced. (At times, a complete iridectomy 
may be performed with the Graefe knife. 
If a bridge of iris is left, this may be cut 
after grasping it with a blunt Ty'rrell hook 
or with iris forceps or may be excised after 
the lens is expressed.) If the anterior 
chamber is unusually shallow, we prefer to 
make the section with a hollow ground 
keratome" or high in the cornea with a 
curved cataract^® or glaucoma knife enlarg- 
ing the incision with scleral scissors. 

B. Incomplete Iridectomy and Iridodialy- 
sis. Cause: If the iris is not completely 
anesthetized when it is grasped with iris 
forceps or when withdrawal is attempted, 
the pain experienced by the patient may 
cause a sudden movement of the eyeball. 
One of us has seen a patient in whom com- 
plete aniridia was produced. In se^•eral 
cases of this group extensive iridodialysis 
was observed. 

Prevention. To guard against incom- 
plete iridectomy, iridodialysis and trau- 



Ni « Serifs Vol. LIV, No. 2 


Berens, Bogart — Cataract .\mcric.nnj ourn.il ofSurgcrj- 


349 


matlc cataract, anesthetize the iris well. 
If cocaine is used, wait until dilatation of 
the iris occurs; warn the patient that he 
may experience slight pain and not to 
move. Moreover, the iris scissors should be 
open and in position to cut the iris im- 
mediately. In a congested eye the subcon- 
junctival injection of a solution of cocaine 
' 2 per cent with epinephrine, when allowed 
five minutes for absorption, will prevent 
the pain in pulling on an iris with iris 
forceps. A rigid iris may contraindicate 
intracapsular extraction. 

C. Tendencx'' for tbe Iris (o Prolapse. 
Incidence: Tendency for the iris to prolapse 
occurred in a large number of cases. This 
complication requires immediate treatment 
even though the wound is to be sutured. 

TreatmeiU. We have made it a rule 
never to perform simple extraction but 
always to excise, at least, a small piece of 
the peripheral iris. If one peripheral iri- 
dectomy does not prevent the tendency to 
immediate prolapse, a second peripheral 
iridectomy may be performed. However, 
if the sphincter is known to be weak or the 
iris is atrophic, it is wise to perform com- 
plete iridectomy. According to Bulson*- 
the combined operation and a large con- 
junctival flap are the best measures to 
prevent iris prolapse. 

D. Prolapse oj Iris and Ciliary' Body. 
This complication is usually considered as 
a postoperative complication but in one 
intracapsular operation, the patient com- 
plained of severe pain in the eye operated 
upon shortly after leaving the operating 
room. Upon inspection of the wound, it 
was found that the iris and ciliary body had 
prolapsed through the wound. Follow- 
ing iridectomy a conjunctival flap was 
brought down to cover the area. 

E. Complete Removal of ibe Iris. Among 
the more unusual complications associated 
with cataract operations is the complete 
removal of the iris during an attempted 
preliminary iridectomy.^'' One of us (C. B.) 
observed a patient in whom the iris was 
completely removed but extraction was 
successfully performed. Hemorrhage is usu- 


ally profuse and following the operation 
deeply tinted lenses should be worn to 
protect the eyes from glare. 

III. COMPLICATIONS ASSOCIATED WITH THE 
LENS 

A. Difficulty in Expressing ibe Lens. Al- 
though pressure and counterpressure should 
cause the lens to present in the wound, the 
following factors may interfere: 

1. Small section: If the nucleus is small 
and the cortex is soft, the lens may be 
extracted by traction with capsule forceps 
or by carefully passing a spoon in back of 
the lens while making counterpressure from 
below. However, striate keratitis may re- 
sult. If the lens is large and hard, the inci- 
sion should be enlarged with scleral scissors. 
One blade of the probe-pointed scleral 
scissors is passed between the cornea and 
the iris into the anterior chamber pressing 
the external blade slightly backward to- 
ward the sclera in order to bevel the inci- 
sion. Too large an incision favors vitreous 
prolapse and also incarceration or prolapse 
of the iris in the wound. However, it is 
usually preferable to have too large rather 
than too small an incision. 

2. Insufficient opening in tbe anterior cap- 
sule: If the incision in the lens capsule is 
not sufficiently large, a cystitome should 
be used in attempting to make a broad in- 
cision in the capsule at the upper margin of 
the lens. If the capsule is difficult to open, 
it is usually better to attempt to extract 
the lens in capsule. 

3. Interference 6r scleral lip of tbe wound: 
The upper margin of the lens may be 
caught by the scleral lip of the wound. This 
is likely to occur if the lens is subluxated 
before or during the operation or pressure 
with the expressor is improperly applied. 
Dislocation of the lens is best accomplished 
by pressure directed backward and down- 
ward at the limbus, not moving the expres- 
sor until the lens ceases to move forward 
and upward. The lens should be pushed 
gently downward with a spatula and pres- 
sure reapplied to the lower margin of the 
cornea while holding the scleral lip of the 
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wound down. If this procedure fails, pass a 
spoon carefully behind the lens while mak- 
ing gentle counterpressure from below. No 



Fig. 2. Lens e\traction with loop and exprcssor 
as w ound is closed by traction on the sutures. 


vitreous need usually be lost by following 
this procedure. 

4. Low Intra-ocular pressure: If the retro- 
bulbar injection is given too long before 
operation, low intra-ocular pressure may 
interfere with the extraction. 

B. Dislocation oj the Lens. Incidence; 
The lens was completely dislocated in one 
case in each series of extractions. The lens 
was extracted with a loop in thirty-four 
(5 per cent) of the 702 e.xtracapsular ex- 
tractions and in four (1.4 per cent) of the 
302 intracapsular extractions. The visual 
results are shown in Table in. 

Discussion oJ Table III. The use of a 
loop seems to be a dangerous procedure in 
the hands of the average surgeon. This 
complication was more serious in the extra- 
capsular operations. Moreover, four pa- 
tients of this group did not obtain useful 
vision. It was necessary to extract a greater 
number of lenses with a loop in the extra- 
capsular series, and in many cases the final 
visual acuity was markedly subnormal. 
However, in evaluating the two methods 
of operation it must be remembered that in 
the extracapsular series a majority of the 
cases had complications preoperatively. 


Cause of Dislocation of the Lens. In some 
cases, the hyaloid of the vitreous is rup- 
tured by too much pressure with the fixa- 
tion forceps and some vitreous will escape. 
The lens instead of entering the wound 
tends to be dislocated backward into the 
vitreous. Complete dislocation is caused by 
too much pressure or traction in making 
the discission. This is especially true when 

Table ui 

COBIKECTED VISLAL ACL'ITV IN E,XTKACTIONS I’CRFORVIED 
WITH A 1 OOP 


Final Vision 


{ Intra- * E\tra- 
' capsular ] capsular 

I 


20 

%o 


' to 

-"io 

-“to 

- 9 ioo 

■’“200 


Fingers 


^200 

Light projection 
No improvement 
Eye lost 
Not recorded 


I 


I 


I 


7 

I 

3 

4 
I 
J 
t 
i 
I 

1 1 
I 


Total 


4(J 4 %) 


34 (i^c) 


the capsule is tough or excessive pressure, 
improperly applied, is exerted against the 
ejmball when expressing the lens, particu- 
larl3'^ when the section is too small. In 
some cases, the lens may sink into the 
vitreous. This is a serious complication. 
Woodruff” believes that it is more Ilkei}- 
to occur with the Barraquer suction 
operation. 

Treatment. As soon as the malposition 
of the lens is noted, a thin spoon or wire 
loop should be passed gently in back of the 
lens keeping as dose to the posterior cap- 
sule as possible, while making very slight 
counterpressure below with a strabismus 
hook or lens expressor. (Fig. 2.) The lens 
should be removed as quicklj' as possible 
and the \vound closed with sutures. If the 
lens is completely' dislocated, the use of an 
ultraviolet lamp” is of value in locating the 
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lens in facilitating its extraction ^vith a 
wire loop, preferably one with teeth. 

C. Ruptured Capsule and Retained Cor- 
tex. Incidence: The capsule was ruptured 
in sevent3'-one cases (7.1 per cent) of the 
1,000 cataract extractions reported b\' 
Bothman.’'’’ In an analysis of the 1,343 
intracapsular cataract extractions made 
b}' Greenwood and Grossman'' the capsule 
was ruptured in approximately 5 per cent 
of the cases. In our series of intracapsular 
extractions the capsule was ruptured in 1 19 
cases. 

Cause, According to Walker'"' a rup- 
tured capsule is usually due to the resistance 
of the zonular ligaments in approximatelx' 
10 per cent of the cases. Too large a bite of 
the capsule has seemed to be an important 
factor in causing rupture in some of our 
cases and this fault has been automatical K’ 
controlled by the construction of several 
capsule forceps. Where the forceps is 
applied is another important point in pre- 
venting this complication. 

Walker'^ found that applying forceps to 
the anterior and posterior surface of the 
lens, as advised by Vcrhoefl', caused the 
capsule to rupture more frequently* than 
when he applied his capsule forceps to the 
anterior surface alone near the equator 
where the capsule is thick. 

Prcvcntiori. The frequency of this com- 
plication may be diminished by employing 
one of the following methods: subluxation 
of the lens followed by expression (Knapp); 
expression combined with traction (El- 
schnig); phacoerisis (Barraquer) and the 
suction method (Fisher).-- In cases in 
which a weak or tense capsule is suspected 
a complete iridectomy should be performed. 

Trcatmcrit. The Hildreth lamp is of 
great value in washing out ail of the re- 
maining soft lens, a procedure we do not 
tear when performed in the manner de- 
picted in Figure 3. Close the wound with 
sol erocon j u n ct 1 va 1 su tu res, pi ace the i rriga t- 
ing tip in one angle of the wound and a 
gronved spatula in the other angle and 
vasli the anterior chamber thoroughly. 


D. Incomplete Removal oj the Capsule of 
the Lc7is. In one case of extracapsular 
extraction the anterior lens capsule was 



Fig. 3. Before removing soft lens matter close 
the wound witii scicroconjunctival sutures, 
place tlie irrigating tip in one angle and a 
grooved spatula in the other angle. 

retained following the delivery of the lens. 
In this case vision was reduced to “fingers” 
prior to discission. Usually the capsule 
should be removed from the eye before 
the operation is completed, Nugent-''' rec- 
ommends the use of a carbon-arc light 
with a uviol or blue-glass filter. After 
the wound is partially sutured the cornea 
should be raised slightly with clot forceps 
in one hand and the capsule extracted with 
the capsule forceps in the other hand. 

IV. COMPLIC.XTIONS .ASSOCl.XTED WITH TUB 
CORNE.-V 

A. Gaping of the Corneal W'owid ivith 
Tcndcncx' to Iris Prolapse. After the sec- 
tion is made, the upper part of the cornea 
is pushed forward by iris and vitreous in 
approximately 25 per cent of eyes. This is 
usually the result of hypertension in the 
vitreous. A horizontally directed crease in 
the cornea mav form because of the high 
tension within the vitreous or the pressure 
of a subchoroidal hemorrhage and the 
vitreous is likely to be lost if intracapsular 
e.xtraction is attempted. Therefore, intra- 
capsular extraction may produce less favor- 
able results in this tyjjc of eye. 
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B. Collapse and Depression oj the Cornea. 
Incidence: Collapse of the cornea occurred 
in one patient upon whom intracapsular 
extraction was performed and in one of 
the extracapsular extractions. The final 
vision was and respectively-. 

According to Green-^ after the section is 
made the cornea is seen to be depressed in 
60 per cent of the eyes. 

Cause. If the cornea is inelastic when 
the intra-ocular pressure is lowered, it may- 
collapse, especially when cocaine is em- 
ployed. However, this is of no consequence, 
as it usually indicates lowered vitreous 
pressure and less danger from escape of 
vitreous. Depression of the cornea is one 
sign which indicates that the case is proba- 
bly- favorable for intracapsular extraction 
but subluxation of the lens should be 
excluded. 

V. COMPLICATIONS ASSOCIATED WITH THE 
ANTERIOR CH.AMBER 

When a shallow anterior chamber is 
present, Galley^’ first makes a Kuhnt flap, 
then a small section which is enlarged with 
scissors and extracts the lens by- the cap- 
sulotomy method. We have injected half 
strength physiologic saline solution into 
the anterior chamber to deepen it or use a 
curved cataract knife. 

An ey'e with a shallow anterior chamber 
may have a slightly- increased tension. 
Galley-’ advocates a decompression opera- 
tion first or a capsulotomy- operation with a 
broad deep iridectomyL If the shallow 
chamber is associated with glaucoma, we 
dissect a conjunctival flap, introduce a 
keratome into the anterior chamber, intro- 
duce a running suture-® with episcleral bites 
and then enlarge the wound with scleral 
scissors.® We prefer as small an iridectomy 
as possible in cataract extraction. 

Needling of the posterior capsule im- 
mediately after cataract extraction should 
be avoided because this procedure permits 
a herniation of the vitreous body into the 
anterior chamber. 

When premature loss of aqueous from 
the anterior chamber occurs, Gailey ash 


successfully’ filled the anterior chamber 
with the knife blade still in position by 
having the assistant apply the tip of the 
irrigator to the flat surface of the blade. 

SU.MMARY AND CONCLUSIONS TO PART I 

1. The prevention of immediate com- 
plications following cataract extraction is 
important if unnecessary- blindness is to be 
eliminated. A thorough preoperative study 
of patients with cataract and the treatment 
of focal infections, as well as other general 
diseases, are essential in order to eliminate 
some complications following the extraction 
of cataract. 

2. A study- of 1,004 intracapsular and 
extracapsular cataract extractions appar- 
ently demonstrates that the percentage of 
immediate operative complications is ap- 
proximately- the same following either 
procedure. 

3. Cataract extraction after preliminary- 
iridectomy apparently’ is still considered 
the safest operation by some ophthalmic 
surgeons, especially’ if complications are 
present preoperatively-. 

4. The average age of the patients in- 
cluded in the intracapsular group was sixty- 
five y’ears and in the extracapsular group 
sixty’- two years. 

5. In this study’, loss of vitreous, hemor- 
rhage and the necessity- of extraction by- 
means of a loop were the most common 
immediate complications in cataract ex- 
traction. Loss of vitreous occurred in thirty- 
cases (9.9 per cent) of the intracapsular 
group and in sixty--three cases (g per cent) 
of the extracapsular group. Loss of vitreous 
apparently’ is a more frequent complication 
of intracapsular extraction than of extra- 
capsular extraction even though intra- 
capsular extraction is usually’ avoided in 
the presence of complications. However, 
comparative freedom from inflammatory- 
postoperative complications when the in- 
tracapsular method is used must be con- 
sidered in the final evaluation of the 
methods. Hemorrhage occurred in tivelve 
(4 per cent) of the intracapsular group and 
in ten (1.4 per cent) of the extracapsular 
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group. Contrary to expectation, the inci- 
dence of hemorrhage into the anterior 
chamber was markedly different in the 
intracapsular and extracapsular methods, 
and we have no logical explanation of this 
fact. In this series of cases the lenses were 
extracted by means of a loop in thirty-four 
of the 702 extracapsular extractions and in 
only four of the 302 intracapsular opera- 
tions. The fact that in the extracapsular 
series a majority of the cases had complica- 
tions preoperatively must be considered. 
The other complications occurred in only 
a few cases of both groups of operations. 

PART II — POSTERIOR SEGMENT 

In the preceding discussion the gen- 
eral aspects of immediate complications 
of cataract extraction and the specific 
complications affecting the anterior seg- 
ment of the eyeball were considered. This 
study is devoted to the general aspects of 
immediate complications of cataract e.xtrac- 
tion and especially to those afl'ecting the 
structures of the posterior segment of the 
eyeball. 

VI. COMPLIC.ATIONS ASSOCIATED WITH 
VITREOUS 

A. Loss of Vitreous. Loss of vitreous is 
undoubtedly the most common and impor- 
tant immediate complication of cataract 
extraction. 

Incidence. Loss of vitreous occurred in 
thirty (9.9 per cent) cases of the 302 intra- 
capsular extractions, and in sixty-three 
(9 per cent) of the 702 extracapsular extrac- 
tions. The amount of loss varied from a 
minim or two to almost the entire vitreous 
body. The end results in terms of x'isual 
acuity arc shown in Table iv. Results ob- 
tained by other authors are shown in Table 
V. According to Nugent*' loss of vitreous 
occurs rarely in extractions by the traction 
method or when traction is combined with 
gentle expression. 

Discussion of Tables IV and T. Loss of 
vitreous seems to occur more frequently in 
intracapsular than in extracapsular opera- 
tion'^ whether the operation is performed bv 


the ax'erage ophthalmic surgeon or by 
the most experienced and dextrous sur- 
geons. A point to be considered in the 
final ex^aluation of the two methods is the 

Table iv 

THE RESULT OF LOSS OF VITREOLS IN TERMS OE COR- 
RECTED VISION 


1 

Final Vision or Result 

i 

Intra- 

capsular 

j E\tr.a- 
1 capsular 

t 

2 «io ! 

i ■> ; 

4 


4 

6 


2 

7 

A«.-.o 

3 

3 

r t\} i 

4 

6 

-°ioo 

2 

7 

. j 

i 

4 



i 

Fingers . 

1 

I 

Light perception 


I 

Atrophv of eveball 


1 1 

Ej c lost and ennucle.itcd 

2 


Vision not recorded 

7 

22 

Total.... 

i 

30 (9 pTi) 

63 (9 %) 


fact that the intracapsular method is often 
avoided in complicated cases. Therefore, 
the vitreous loss might be ex'en greater if 
this operation were attempted in com- 
plicated cases. 


Tablc V 

LObS or MTRCOLb 


Author 

Total 
Number 
of Cases 

Loss of Vitreous 
Occurred in 

j 

T\ pc of 
Operation 

ParWer-s 

i 

1 4 io 




1 1 ' 5 ° 

3 (2 7 ) 

Combined 


1 ■] 

5(3 3 7 ) 

Simple 


(150 

0(67) 

Knapp-Toruk 

Towncb*’ 

1 "3 

6(8 2 7 ) 

Intracapsular 

Greenwood and 

1 


VtrhoefT 

Grossmnn’* 1 

1 1.343 

83 (6 2^-,) 

Intracapsular 

dc Gro'^r’® 

1 15.050 

3-6 (2 57 ) fi 7)1 

Exlracapsul »r 



(4 7 ) 

Intrac ipsular 

Berens •ind Bo- 

-02 1 

63 (07 ) 

Extracapsul ir 

pin 

302 1 

30 (9 o 7 ) 

Inlr icapsul ir 

Knapp^’ 

500 1 

42 (8 47 ) 

Intrac ipsular 

Botham** 

1,000 

45 (4 5 7 ) 

Indian 

Tof .1 j 

i *0.420 ' 

662 



Cause. The delicate hyaloid membrane 
of the x'itreous is the onh* barrier to escape 
of the intra-ocular contents, especially after 
the lens has been removed. Intra-ocular 
pressure, which is often augmented by 
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tient’s vessels are sclerotic or if there is a 
disinsertion of the iris. Sudden diminution 
of increased intra-ocular tension and gen- 
eral hypertension also may be possible 
causes. 

In irides with prominent new vessels and 
in arteriosclerotic individuals, free bleeding 
is commonl}’ observed; therefore, too much 
manipulation, unnecessary cutting or too 


Table vi 

VISUAL RESULT IM C.\SES WITH EXCESSIVE HEMORRH.AGE 
INTO ANTERIOR CHAMBER 


Final Vision 

Intra- 

capsular 

Extra- 

capsular 



I 


-?ao 

2 

2 

"?40 

2 


""70 

1 

I 

200 

I 

1 

•‘200 


I 

^'200 


I 

Fingers 


2 

Shadows 


1 

Eve lost 

3 


Not recorded 

2 

I 

Total 

12 (4%) 

10(1.4%) 


Strong a pull placed upon irides by atropine 
or eserine should be avoided. 

Prevention. Nugent"^ advises the instil- 
lation of adrenalin-chloride preoperatively 
as an aid in the prevention of hemorrhages 
during the operation. However, the risk of 
postoperative hemorrhage has been said to 
be greater if adrenalin is used. However, 
Jensen®^ made a study of eighty cases of 
cataract extraction in which adrenalin was 
used in every other case. A comparison of 
the results obtained showed that the per- 
centage of hemorrhage into the anterior 
chamber was about the same. However, in 
the cases in which adrenalin was not 
employed the majority of hemorrhages 
occurred at operation, while following the 
use of adrenalin they occurred within the 
first forty-eight hours after operation. To 
avoid retrobulbar hemorrhages Gailey''* 
suggests the use of Harvey Cushing’s tech- 
nic in brain surgery, that is, to inject very 
slowly ahead of the advance of the tip of 


the needle. Coagulation and bleeding time 
should be studied preoperatively and 
abnormalities corrected. In cases of arterio- 
sclerosis, Wrighf*^ recommends an injec- 
tion of i}'2 gr. of calcium in lo cc. of 
distilled water intravenously. However, 
we prefer to use calcium gluconate. 

Treatment. In conjunctival or scleral 
bleeding the anterior chamber should be 
washed out with half strength ph3'sioIogic 
saline solution. If the hemorrhage occurs 
from the iris, it is usually' advisable to wash 
out the anterior chamber several times 
before performing capsulectoni}’^ or cap- 
sulotomj- or attempting to remove the lens 
in capsule. Abramowicz'’- advises the 
introduction of air into the anterior cham- 
ber in order to remove blood and produce 
a clear view of the anterior lens surface, 
thus facilitating the capsulotom}'^ or the 
application of forceps for removal of the 
lens. 

If after the lens is extracted bleeding 
occurs, it maj’^ be washed out or removed 
with clot forceps, for if much soft lens 
matter remains it usuallj^ absorbs more 
quickl}^ and completelj^ if no blood remains. 
If a vessel in the wound bleeds persistently^ 
the electrocautery’’ or trichloracetic acid 
mayf be applied. 

It has been stated that the secondary'^ 
membrane is likely^ to be more dense in the 
presence of hemorrhages. This seemed to be 
true in one patient who had dinitrocresol 
cataracts. One y^ear after operation the 
vision in the right eye, in which no hemor- 
rhage had occurred, was and in the 
left eve in which a hemorrhage had filled 

V' o 

the anterior chamber, the vision was 
and the secondary’^ membrane was much 
more dense. 

B. Choroidal and Expidsive Hemorrhage. 
Choroidal and expulsive hemorrhages are 
the most dangerous of all complications 
during cataract extraction. 

Incidence. Expulsive hemorrhage oc- 
curred in two cases of the intracapsular 
series and in three of the extracapsular 
cases. In the three cases in the extracapsu- 
lar series the ey’es were eviscerated while 
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in the intracapsular group the ej’e was 
enucleated in one patient and in the other, 
the eye was eviscerated. 

Cause. Increased intra-ocular tension 
probably is an important predisposing 
cause of choroidal hemorrhages. In a study 
of 2,200 cases of cataract extraction, Nu- 
gent-' reports choroidal hemorrhages in 
seventeen cases (sixteen patients, 5 per 
cent). The average intra-ocular tension for 
the seventeen cases was 43 mm. of mercury 
(Bailliart) and the blood pressure was 
normal. 

Prevention. An attempt should be made 
to reduce intra-ocular pressure preopera- 
tive^3^ If this fails, use a retrobulbar 
injection to i cc. of 2 per cent solution 
of procain with 3 m. of a i ; 1000 solution 
of epinephrine hj'^drochloride. If pressure 
remains elevated, perform posterior sclerot- 
omy. Lowering the general blood pressure 
by the preoperative removal of several 
hundred cubic centimeters of blood and the 
injection of the ciliar}" ganglion are two 
precautions which are believed to aid in 
preventing this serious complication. How- 
ever, Gifford” does not approve of with- 
drawing blood since it is generally followed 
by a vasomotor reaction which immediately 
sends more blood to the peripheral circula- 
tion. Blood pressure maj' often be reduced 
by preliminary medical care and more 
effectively by several days of rest in bed 
before the operation. 

In cases with hyperpiesis, preventive 
measures consist in eliminating all un- 
necessary pressure and traumatism. The 
lens should be expressed slowly so that 
intra-ocular pressure is not reduced too 
suddenly. 

Treatment. Hemorrhage usually ap- 
pears after the expression of the lens. The 
ej'elids should be closed immediate!}*, the 
wound sutured and a light compressing 
dressing applied. The patient should rest 
with his head and torso as nearly erect as 
possible. Even though the intra-ocular con- 
tents escape, it is sometimes better to post- 
pone enucleation because of the psychologic 
effect upon the patient. 


Vail” has reported two cases of sub- 
choroidal expulsive hemorrhage, in which 
posterior sclerotomy as suggested and used 
successful!}’’ in one case by Verhoeff” saved 
the eyes and prevented complete deteriora- 
tion of vision. In both cases an incision 
with a Graefe knife in the temporal side of 
the eyeball resulted in the appearance of 
bright red blood and the subsidence of pain 
within a relatively short time. This proce- 
dure has been used by one of us (C. B.) 
with retention of the eye and resulting 
vision of hand movements. 

C. Detachment of the Choroid. Inci- 
dence: Detachment of the choroid occurred 
in only one case of the intracapsular group. 
Final vision was not recorded. Fuchs’® 
gave the incidence of detachment of the 
choroid as 4.7 per cent of all extractions. 
Barkan” reported a large series of cataract 
extractions with detachment of the choroid 
occurring in approximately 4.5 per cent of 
the cases. Hagen” reported eleven detach- 
ments in a series of fifty consecutive cata- 
ract extractions, an incidence of 22 per 
cent. O’Brien” made a study of 140 consec- 
utive cases of cataract extraction in which 
detachment of the choroid occurred in 
eighty-six cases (93 per cent). 

According to O’Brien” detachment of 
the choroid occurs at operation in almost 
every case. It is impossible, however, to 
determine the exact incidence, since the 
fundus is not always visible as a result of 
blood, air or cortical material in the ante- 
rior chamber. In those cases in which the 
fundus can be seen immediately after the 
operation the detachment of the choroid, 
according to O’Brien, is almost invariably 
found. 

Cause. Detachment of the choroid oc- 
curs usually in cases which present a shal- 
low or empty anterior chamber, folds in 
Descemet’s membrane and a soft eyeball. 
O’Brien®® believes that this complication is 
usually caused by low intra-ocular pressure 
w’hich produces congestion of the uveal 
vessels and rapid transudation of fluid from 
the choroidal vessels into the suprachoroidal 
lymph spaces. In a discussion of O’Brien’s 
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paper, Reese'"^ states that if the detach- 
ment were due to the lowered pressure of 
the eyeball and the relative increase in 
pressure of the thin-walled vascular chan- 
nels of the choroid, a more frequent. occur- 
rence of choroidal detachment following 
operations for glaucoma would be expected. 
Wilder stated that detachments of the 
choroid occur after any operation in which 
the tension of the eye is suddenly reduced. 
We have seen almost complete detachment 
of the choroid following iridocorneoscle- 
rectomy with iridencleisis with complete 
spontaneous reattachment. According to 
Knapp, detachment of the choroid cannot 
be entirely due to reduction in the tension 
of the eyeball, and secondary contraction 
of the vitreous must be present in these 
cases. Verhoeff prefers to call it a compres- 
sibility of the vitreous, meaning the 
readiness with which fluid can be expressed 
from the vitreous and its volume thereby 
reduced. This explains why detachment 
does not always occur when intra-ocular 
pressure is reduced. 

Treatment. As the condition heals spon- 
taneously no special treatment seems to be 
indicated. According to Manes,®- cases in 
which detachment of the choroid occurs, 
recover more quickly than those in which 
it does not occur. Manes, therefore, has 
attempted to produce this complication by 
gentle pressure on the inferior segment with 
a strabismus hook. 

VIII. GL.\UCOMA COMPLIC.A.TING EXTRACTION 

In this study of 1,004 cases of cataract 
extraction, glaucoma was present pre- 
operatively in nine (3 per cent) of the intra- 
capsular series and in twenty-seven (3.9 
per cent) of the extracapsular series. When 
glaucoma occurs postoperatively in cataract 
cases, changes in the anterior segment can 
usually be found, i.e., position of structures, 
cells in the aqueous and cicatricial tissue. 
In the intracapsular and extracapsular 
extractions loss of vitreous occurred in 
eighty-eight patients (9 per cent) who did 
not have glaucoma. Of the thirty-six cases 
in which glaucoma was present loss of 


3 ? '■ 

vitreous occurred in five (14 per cent). 
Four of these patients had extracapsular 
operations performed and one intracapsular 
extraction. Hemorrhage in the anterior 
chamber occurred in only one glaucomatous 
case (3 per cent), while the percentage of 
hemorrhages in the anterior chamber in the 
nonglaucomatous cases was 2.2 per cent. 
The postoperative visual results obtained 
in the intracapsular and extracapsular 
series are shown in Table vn. 


Table vn 

VISU.\L RESfLTS FOLLOWING C.\TARACT EXTRACTION 
COMPLICATEB by GLAUCOMA 


Final Vision 

Intra- 

capsular 

Extra- 

capsular 

-"20 


I 

■"30 


2 

*>0/ 

.4o 

1 , 

n 

4 0 • • * 


1 

^0/' 

-"100 

00 / 

”200 


3 

I 




\ 

>200 


1 

Hand movements 

2 

2 

Fingers 


2 

Light projection 

1 


Eve lost (tension 65) 

1 I 


Vision not recorded 

3 I 

1 1 

Not recorded in case of hy- 
popyon 

I ! 

! 


Total 

9 (37f) 

27 (3 -9%) 


Discussion of Table VII. The visual 
results varied from -%() to light percep- 
tion. In addition one eye in the intra- 
capsular group was lost. A comparison of 
the two procedures reveals that the visual 
results following extracapsular extraction 
were apparently better than those follow- 
ing the Intracapsular method. 

Extracapsular extraction is the operation 
of choice in the majority of cases, when the 
limits of normal tension of the eyeball are 
exceeded, allowance being made for the 
rigidity of the sclera (Friedenwald®®). It 
is usually advisable to perform a pre- 
liminary iridectomy or iridocorneosclerec- 
tomy®^ if hj'pertension is not controlled by 
miotics, followed b\’ extracapsular extrac- 
tion several months later. The time for 
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operation depends upon the progress of the 
glaucoma as indicated by the visual field, 
tension and pupillary reactions. How long 
the increased pressure has been present and 
whether the onset of raised tension was 
sudden are important points to be con- 
sidered because the ej^e can apparent!}' 
adapt better to increased intra-ocular pres- 
sure that develops slowly. Before operation, 
arteriosclerosis with hyperpiesis should be 
treated. 

A case is reported by Davis“^ in which 
intra-ocular tension was lowered from 6o 
to 0 during avertin anesthesia. Therefore, 
this method of anesthesia should be con- 
sidered in highly nervous or apprehensive 
patients with glaucoma complicating cata- 
ract extraction. However, ^ve have had 
considerable success in reducing tension 
preoperativel}' by means of a retrobulbar 
injection of procain (a per cent) combined 
with a I : looo solution of adrenalin. If this 
fails, a posterior sclerotomy is performed, 
a large conjunctival flap is prepared and 
sutures partially introduced. A keratome 
incision is made so that pressure may be 
slowly reduced and the wound is enlarged 
with scleral scissors. “Evipal” intravenous 
anesthesia was used in one case of our 
series with good results. 

IX. DIABETES COMPLICATING CATARACT 
EXTRACTION 

Diabetes is another general complication 
which is frequently encountered. In the 
intracapsular series it was present pre- 
operatively in thirty-nine cases (13 per 
cent). In the extracapsular group, diabetes 
was a complication in 109 cases (16 per 
cent). (Table viii.) 

Vitreous was lost in eighty-three (9.9 per 
cent) of the patients who did not have 
diabetes, while in the diabetic patients 
vitreous was lost in ten (7 per cent). 
Hemorrhage in the anterior chamber oc- 
curred in four (3 per cent) of the 148 dia- 
betic patients, while hemorrhage in the 
anterior chamber occurred in twenty-two 
(2.2 per cent) of the 1,004 patients. 

Iris hemorrhage at the time of cutting 
the iris, and on the third or fourth post- 


operative day from iris or retinal vessels 
may be multiple and small in diabetics. 
Furthermore, there seems to be in debili- 
tated individuals a great tendency to the 
development of low grade iritis which per- 
sists and may progress to iridocyclitis, 
especially if much trauma or any complica- 
tions have occurred. 

Table vni 

\'ISUAL RESULTS FOLLOWING CATARACT EXTRACTION IN 

diabetic persons 


Final Vision 

Intra- 

capsular 

Ex-tra- 

capsular 
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3 

29^00 

3 

12 
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Hand mo%>eraents 


2 

Not recorded 

5 

29 

Total 

39 113%) 

109 ( 16 %) 


Discussion of Table VIII. A compari- 
son of the visual results obtained follow- 
ing the intracapsular and extracapsular 
methods in diabetic patients reveals that 
the results were approximately the same. 
It must be remembered, however, that the 
number of extracapsular cases was approxi- 
mately four times as great as the number of 
intracapsular cases and that the intra- 
capsular operation was often avoided in 
complicated cases. 

Experience has shown that satisfactory 
results can be obtained following cataract 
extraction in diabetic patients if proper 
care is taken. According to Wilder^ com- 
plete control of the glycosuria is not essen- 
tial and the results of operation for 
cataract in diabetic patients are as good as 
the results in nondiabetic patients. Most 
authorities, however, still believe that com- 
plications are more frequent in diabetic 
patients than in nondiabetic patients. Fox®" 
believes that diabetes is not the cause of 
most cases of cataract. Since cataract 
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seldom occurs in young persons with 
diabetes, it is assumed that senility is the 
greater factor. The conclusions are drawn by 
Waite“^ that senile and complicated cata- 
racts occur with approximately equal 
frequency in diabetic and nondiabetic 
patients. 

Wheeler^^ in a study of 2,123 extractions 
of cataract performed at the New Y ork Eye 
and Ear Infirmary found that hemorrhages 
occurred in 28.94 per cent of the diabetic 
patients while the average incidence was 
only 5 per cent in cases of uncomplicated 
cataract. Ballantyne®'* noted that hemor- 
rhages which occur in patients with dia- 
betes are extremely slow in absorbing. 
Benedict®^ operates for cataract on chronic 
diabetic patients who have been prepared 
by one or two weeks’ observation of diet 
with added protamine insulin. He has not 
seen repeated hyphemia with the new 
insulin preparation as he did with the old 
insulin. We agree that reduction of the 
sugar content of blood and urine to its 
minimum should be attempted by means 
of diet, but if hyperglycemia is not con- 
trolled by these methods, insulin should be 
administered. 

In diabetic patients with ocular hemor- 
rhages it has been found by Friedenwald 
and Gichner®- that capillary fragility as 
tested by a blood pressure cuff at 100 mm. 
of mercury for three minutes is increased, 
whereas in diabetes with no ocular hemor- 
rhages, capillary fragility is in general nor- 
mal. Such increased capillary fragility is 
characteristic of scurvy, and the vitamin 
c metabolism of these patients was studied. 
In some instances an abnormality of the 
vitamin c balance was found but this is not 
regularly the case, and these authors do 
not now believe that vitamin c is concerned 
in this hemorrhagic tendency. The cause of 
the increased capillary fragility remains 
obscure. 

SUMMARY TO PART II 

I. Loss of vitreous apparently occurs 
more frequently in intracapsular extraction 
of cataract than in extracapsular. 


2. There was a higher percentage of 
hemorrhages in the intracapsular group of 
cases. 

3. Expulsive hemorrhage occurred in 0.7 
per cent of the intracapsular series and in 
0.43 per cent of the extracapsular series. 

4. Although detachment of the choroid 
was observed in only one case (intracapsu- 
lar extraction), certain surgeons believe 
that it occurs in almost all cases at the time 
of operation. 

5. The visual results in cases in which 
glaucoma was present preoperatively were 
better following extracapsular extraction. 
A comparison of the percentage of hemor- 
rhages in the anterior chamber occurring in 
the intracapsular and extracapsular series 
of cases and the percentage occurring in the 
glaucomatous cases revealed a slightly 
higher incidence in the glaucomatous pa- 
tients. This was also true in regard to the 
amount of vitreous lost. In the glaucoma- 
tous cases loss of vitreous occurred in 3 per 
cent, while in the nonglaucomatous pa- 
tients the percentage of cases in which 
vitreous was lost was 2.2 per cent. 

6. Following intracapsular and extra- 
capsular extraction of cataract in diabetic 
patients, the visual results and other com- 
plications were approximately the same 
as in cases uncomplicated by diabetes. 
Hemorrhage in the anterior chamber oc- 
curred in four (3 per cent) of the 148 cases 
of diabetes, while the percentage of hemor- 
rhage in the anterior chamber in the i ,004 
cases was 2.2 per cent. The preoperative 
administration of vitamin c and b seems to 
be rational therapy. Contrary to expecta- 
tion vitreous was lost in onl}^ 7 per cent of 
the diabetic cases and in 9.2 per cent of the 
1,004 cases. 

7. Following is a summary of some of the 
points which should be considered in the 
prevention of immediate complications of 
cataract extraction: (a) Careful preopera- 
tive study of the patient and the adminis- 
tration of appropriate treatment. There 
were fewer postoperative inflammatory 
complications following the intracapsular 
operation and these statistics have been 
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reported. This fact must be considered in 
evaluating the two methods, (b) If tension 
is elevated preoperative reduction of intra- 
ocular pressure b}' miotics or operation 
followed by extracapsular extraction; if 
intervention is urgent posterior sclerotomy 
may have to be performed as a preliminary 
measure if avertin or a retrobulbar injection 
of procain and epinephrine hydrochloride, 
fails to lower tension, (c) Preoperative 
lowering of general blood pressure by rest 
and other means and if retinal blood pres- 
sure is known or believed to be elevated, 
lowering the intra-ocular pressure by injec- 
tion of the ciliary ganglion at operation, 
(d) Extracapsular extraction in cases of 
increased tension within the vitreous, (e) 
Obtain complete anesthesia and akinesia of 
the e^'elid and e 3 'eball: eyelid and retrobul- 
bar injections in all cases combined with a 
subconjunctival injection of procain. (f) 
Insure a perfect section well protected by 
properly introducing the Graefe knife and 
bjf obtaining a complete conjunctival flap. 

(g) Prevention of injury to the iris bj' com- 
plete anesthesia, withdrawing the knife if 
the point engages the iris and by making a 
small incision with a curved or scimiter- 
shaped cataract knife or hollow ground 
keratome if the anterior chamber is shal- 
low; followed b}' enlargement of the wound. 

(h) Sutures which maj’’ be quickK^ tight- 
ened should be in placed before the lens is 
extracted and should be tied before the 
anterior chamber is irrigated or the iris 
respositor is used, (i) The incision should 
be large enough to prevent anj' undue 
pressure on the eyeball in expressing the 
lens, (j) Be sure to perform complete 
discission of the anterior capsule or if 
capsule forceps are used grasp the anterior 
capsule near the equator where it is thick- 
est first below and then above with onlj^ a 
narrow bite, (k) Avoid excessive pressure 
with fixation forceps when making the 
incision. (1) Eliminate undue pressure and 
traumatism throughout the operation, (m) 
Prevent sudden movement of the ej’eball 
b%- inserting a suture in the superior rectus 
after producing anesthesia with a subcon- 
junctival injection of 2 per cent solution of 


procain. (n) Complete or peripheral iridec- 
tomy- to prevent prolapse of the iris, (o) In 
diabetic patients control hy^perglycemia by 
diet if possible so that the use of insulin 
may^ be discontinued for several weeks 
before operation, (p) In excessively nervous 
or irritable patients, consider the use of 
avertin or evipal anesthesia. 

8. Finally^ if this discussion stimulates 
renewed interest by^ ophthalmic surgeons in 
the causes of immediate complications of 
cataract extraction and more careful con- 
sideration of the means of prevention and 
methods of treatment, which may'^ be 
employ^ed, it will have served its purpose 
and should aid in reducing the amount of 
unnecessary postoperative blindness or 
lowered visual acuity. 

We gratefully acknowledge the courtesy' of 
the following ophthalmologists in allowing us to 
include a number of their cases in this report: 
Doctors Francis W. Shine, Bernard Samuels, 
Cly'de E. McDannald, and the late Ben Witt 
Key and the late Webb W. Weeks. 
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varices are necessary to attain good end 
results. 

Libation is not indicated in all varicose 
conditions. Incipient varicosities and var- 
ices with no demonstrable backflow in 
the saphenous system should be treated 
by injection alone. A large proportion of 
patients, because of a nervous tempera- 
ment, refuse ligation, but are willing to 
accept injection treatment alone. These 
patients should be given the benefit of 
sclerosing therapy, even though the results 
may be only transitory. The same patients 
realizing the value of treatment often 
discard their prejudice against surgical 
measures to obtain more permanent results. 
Regardless of the method of treatment, 
we cannot promise permanent freedom 
from varicose veins, especially in the 
presence of vulval or suprapubic varicosi- 
ties; but we can assure our patients that 
they will avoid suffering and disabilit}^ 
if they do not neglect their condition. 

TECHNIC OF INJECTION TO PREVENT 
EXTRAVASATION AND SLOUGHING 

Extravasation resulting in complications 
such as painful perivenous edema, indura- 
tion and sloughing is almost without excep- 
tion due to faultv technic. A large number 
of patients refuse treatment for fear of 
these unpleasant complications. It is my 
belief that this grave situation is avoidable. 
While the absence of serious allergic reac- 
tions in my patients may be due to fortui- 
tous coincidence, I cannot attribute the 
absence of induration and sloughing during 
the past five years to good luck alone. I am 
quite certain that the following technical 
procedures have been instrumental in 
preventing extravasation and sloughing: 

1. Avoidance of puncturing an indu- 
rated, pigmented, or eczematous area by 
starting the injection in healthy tissue. 

2. Fixation of the vein to prevent its 
transfixion or its displacement by the 
needle. This is best done by exerting with 
the thumb an upward pressure on the over- 
jy^rig skin. After introduction of the needle 
into the vessel lumen, the vein is not likely 


to roll away from the needle upon release 
of an upward pressure, but such a situation 
is apt to occur after release of a downward 
pressure on the skin. 

3. Introduction of the needle parallel to 
the longer axis of the varicosity and select- 
ing from a cluster of varices the varix with 
the greatest diameter will also help to avoid 
transfixion of the vessel. 

4. Avoiding transfixion of small invisible 
subcutaneous varicosities when approach- 
ing a large varix with the needle; these can 
be revealed by careful palpation of the area. 

5. Insertion of the needle at about one- 
third of an inch from the vessel to avoid 
puncture of the skin over the varix. This is 
imperative when injeeting superficial, in- 
tracutaneous, bluish varices covered by 
only a thin layer of atrophic skin. It is obvi- 
ous that necrosis and sloughing will result 
from contaet of an irritant solution with 
the weakened tissues surrounding the 
puncture. Injection into collapsed veins 
(empty vein technic) necessitates the 
introduction of the needle at a distance 
from the varicosity. 

6. Avoidance of dislodging the needle 
while pressure is exerted on the plunger. 
This is best effected by firm but gentle pres- 
sure of the fingers supporting the syringe on 
the extremity. This precaution will anchor 
the needle within the vessel lumen and 
prevent transmission of the force exerted on 
the plunger to the needle. 

7. Avoidance of overdistending the varix 
with sclerosing solution. Increased resist- 
ance to the introduction of solution with 
visible bulging of the injected varix is a 
warning signal to discontinue the injection. 

The use of needles of small gauge (No. 25 
or 26, to % inch long) will facilitate firm 
anchorage in the vessel lumen and prevent 
leakage of sclerosing solution into the 
surrounding tissues. 

PREVENTION OF PAIN AND DISCOMFORT 

In the treatment of varicose veins, it is 
necessary to eliminate pain and discomfort 
since they often result in disability. Toward 
this end the empty vein technic will be 
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found very helpful. In this type of therapy, 
the physician must obtain and retain the 
patient’s confidence in order to assure con- 
tinuance of the treatment. It is also impor- 
tant to keep the patient ambulatory and 
competent to pursue his usual activities 
during the course of treatment. 

It is true that full vein injections will give 
maximum engorgement with ease of injec- 
tion for the operator. This technic, how- 
ever, will also result in maximum gross 
thrombus formation with the appearance 
of painful, hard, nodular masses and exten- 
sive edema in the perivenous tissues. The 
resulting pain and discomfort and the red 
indurations protruding in the form of 
unsightly strings or knots, often the cause 
of ambulatory limping, do not encourage 
the patient to continue treatment. The 
distress accompanjdng such massive throm- 
bosis is frequently beyond the tolerance of 
the more sensitive patient and forces him 
to bed, thereby increasing the possibility of 
embolism. Our promise that treatment will 
be ambulatory is thus nullified. Large 
thrombosed veins are very slowly absorbed 
and are often the seat of recanalization. 
The avoidance of severe inflammatorj'- 
changes in the perivenous tissues is also 
desirable to maintain these tissues in a fair 
state of Integrity, should further treatment 
for possible recurrences be necessary. Even 
if the only advantage of the empty vein 
technic lay in the avoidance of pain and 
discomfort, it would seem sufficient reason 
to advocate it ardently. 

However, there are other desirable advan- 
tages in employing the empty vein technic. 
Sclerosis by Injection into empty veins will 
cause blocking of the varices by fusion of 
the opposing surfaces of the vessel and not 
by gross thrombosis. Direct contact of the 
intima with the chemical irritant, only 
slightly diluted by blood, produces a severe 
degree of irritation of the endothelium 
followed by an ample production of fibro- 
blasts. The latter are instrumental in bind- 
ing the opposing surfaces of the vessel 
firmly, as brought out by AI Akl.- Recanal- 
ization of such closed channels is less likely 


since they undergo organization and ab- 
sorption more readily. The difficulty of 
obliterating resistant varicosities and the 
hazard of closing so-called blood lakes are 
also greatly reduced by the use of empty 
vein injections. 

The disfiguring nature of varices is em- 
barrassing to most patients and often is the 
onlj"^ factor prompting them to undergo 
treatment. Undoubted!}', the results follow- 
ing injections into empty veins are more 
gratifying from the standpoint of cosmetic 
appearance. Adequate compressive col- 
lapse, as will be brought out, is also essen- 
tial to obtain better cosmetic results. 
Discoloration, so objectionable to many 
patients, is greatly reduced following empty 
vein injections. 

The main objection to the employment 
of the empty vein technic lies in the 
theoretical rather than the actual possibil- 
ity of sclerosing solution escaping through 
communicating veins into the deep ve- 
nous circulation, with eventual damage 
to it. Since several authorities (Unger,® 
1927; Sedwitz, Steinberg,'* 1938) use large 
amounts of a rather strong irritant solution 
for the retrograde segmental injection, 
which really is an injection into empty 
veins, this objection cannot be substanti- 
ated (Pratt,® 1939, uses 20 to 60 cc. sodium 
ricineolate). Comparatively small amounts 
of sclerosing solution, to 3 cc. are re- 
quired in the empty vein technic since dilu- 
tion of the Irritant by blood is reduced to a 
minimum. 

For this reason, in my opinion, the use of 
the empty vein technic does not increase 
the hazard of allergic reaction from sensi- 
tivity to the injected drug. It is difficult to 
explain why I have not encountered any 
serious allergic manifestations up to the 
present time. This may be due either to the 
constant practice of employing several very 
small initial doses of any solution I choose 
to inject, or to fortunate coincidence. How- 
ever, it appears that these fa^•orable results 
are definitely related to the administration 
of small doses of solution with the empty 
vein technic. Thus, the sudden introduc- 
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tion into the general circulation of a mas- 
sive close which might precipitate an 
allergic reaction is avoided. In view of the 
above mentioned distinct advantages, I 
consider the empty vein technique not only 
the technic of choice, but in several in- 
stances to be cited later, the technic of 
necessity. 

The technical dilhculty of injecting 
collapsed varicosities is its only disadvan- 
tage. This can be inferred also from the 
chapters on technic in recent te.xtbooks on 
the management of varicose veins. Ochsner- 
Mahorner® state in “Varicose Veins”: 
“One may have his own variations in 
technic but will learn quickly that nothing 
brings the varicosities into prominence so 
promptly or so distinctly as having the 
patient stand.” Riddle' writes in “Injec- 
tion Treatment”: “The author uses all 
three positions, but as a rule employs the 
standing position. The operator will find it 
very convenient if the patient stands up- 
right on the examining table.” 

Several of the technical procedures that 
I have found very helpful in overcoming 
the difiiculties of the empty vein technic 
are presented here. These should be of 
particular interest to the beginner to 
encourage him to adopt suitable technic 
and to develop the necessary skill. Methods 
of technic must be varied and individual- 
ized to suit the difl'erent veins in individual 
patients. The operator may employ suit- 
able modifications such as the use of rub- 
ber tourniquets, digital manipulations to 
empty varicosities or placing the patient on 
an inclined cushion. 

EMPTY VEIN TECHNIC 

Initial injections are best made in iso- 
lated superficial veins of the leg, using 
small doses of sclerosing solution to avoid 
unprcdictably severe reactions. Quite often 
one will find that only small amounts 
are necessary to produce clinical results, 
thereby avoiding pain and discomfort 
which would result from a larger dose. I 
consider a reaction satisfactory when the 
patient complains of little or no pain and 
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of only slight soreness on pressure over the 
occluded varix. The use of small initial 
amounts will help to avoid an acute flare-up 
of unrecognized latent phlebitis often asso- 
ciated with varicose veins as a result of the 
stagnating venous circulation. The degree 
of reaction to a small amount of sclerosing 
solution will indicate the state of vulner- 
ability of the intima to the irritant and will 
help determine the optimal dosages for 
successive injections. These are gradually 
increased if no sign of sensitivity to the 
chemical irritant is observed and if larger 
doses are necessary to produce a desired 
sclerosis. Increased surface temperature at 
the site of varicosities is an Important 
indication to proceed carefully with scleros- 
ing treatment. Otherwise, a migrating 
phlebitic reaction in distant varicosities 
with its accompanying local and general 
discomfort may result. I have observed 
massive thrombosis of extensive varicosi- 
ties in the leg or thigh following the injec- 
tion of a large initial dose of sclerosing nuld 
in a distant vein segment. Adequate com- 
pressive support and cold applications will 
relieve pain and keep the patient ambulant 
in the event of a severe reaction. 

INJECTION OF E-\RGE VARICOSITIES 

The position of the patient is important 
for successful empty vein technic. hen 
the patient is in the recumbent position, 
large varicosities rarely collapse to such a 
degree that injection into them is unsafe. 
Frequently, elevation of the extremity and 
stripping of blood is necessary to empty 
large varicosities. Blood can usually be 
aspirated freely from such varices. One 
may proceed carefully with the injection 
even when blood has not been freely 
aspirated if, after i or 2 m. of solution have 
been injected, one can ascertain by careful 
palpation the absence of any induration 
which would result from extravasated 
fluid. Adequate compression is of primary 
importance to maintain large varicosities in 
a collapsed and well supported state after 
injection. The irritation of the vein walls 
caused by compressive collapse may also be 
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an additional factor for effective sclerosis, will guard against the possibility of unsup- 
For compression a flat sterile gauze pad ported thrombosis caused either by a retro- 
(Zobec 2X2 inches) and adhesive tape, grade flow of solution or by a possible 



Fig. I. A, extensive, tortuous varicosities in the kncefold impeding walking; b, after 
treatment. Ligation and subsequent injections resulted in cure. In the treatment 
of large sized varicose veins effective support is of primarx' importance for good 
immediate and end results. 

1 > 2 to 2 inches wide, is preferred. The adhe- 
sive strips should be sufficiently long to 
give effective compression and may encircle 
the entire leg. Care should be e.xercised to 
apply the adhesive with even pressure and 
to avoid extreme compression which might 
interfere with the deep circulation. In the 
presence of sensitivity to adhesive plaster, 
insertion of gauze strips between the adhe- 
sive and the skin is advisable. In certain 
cases, it is indicated to maintain support 
%vith the aid of an elastic bandage, such 
as the Ace bandage or with elastic adhe- 
sive strips. 

It has been my experience that best 
cosmetic results are obtained not by con- 
fining support exclusively to the site of the 
injection but by supporting the uninjected 
proximal and distal varices as well. This 


migrating phlebltic reaction and thereby 
will limit and often prevent possible mas- 
sive thrombosis. The use of small strips of 
adhesive tape to secure a gauze pad cover- 
ing the needle puncture is entirely inade- 
quate. Firm support is a cardinal factor 
in effecting painless and good cosmetic 
results and, therefore, should be care- 
fully considered b}’ the physician. When 
adequate support is gi^•en to injected 
large varicosities, even the more sensitive 
patient remains ambulant during treat- 
ment with few or no complaints. (Fig. j.) 
Firm support is especially desirable when 
varicose veins around the ankle are treated, 
as there is usually considerable swelling 
following occlusion of varicosities at this 
site. 
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INJECTION OF SMALL VARICOSITIES 

When the varices are of smaller caliber 
and covered by a thicker layer of sub- 
cutaneous fat, injection with the patient 
lying down may not be safe. The following 
maneuvers will be found helpful to render 
such veins as nearly empty as possible. One 
or more adhesive strips 1 3 ^ to 2 inches wide 
are applied distally to the site of the pro- 
posed injection. These strips, serving as 
permanent tourniquets, block retrograde 
flow and permit the vein to collapse con- 
siderably. If the varicosity still remains 
markedly distended, I prefer to make the 
injection with the patient in a sitting 
posture, the leg hanging over the table 
margin. The needle is introduced into the 
vessel lumen and anchored securely. The 
leg is raised to a level sufficient to empty 
the vein and then supported on a chair or 
on the operator’s knee; thus the injection is 
made into an empty vein. If the adhesive 
tourniquets produce minimum vein en- 
gorgement, injection of smaller varices can 
be made with the patient in a standing 
position. Gentle pressure with the needle on 
the posterior vein wall during the injection 
will also help to collapse the vein further. 
An attempt may be made to stretch tor- 
tuous or coiled-up veins and to maintain 
them in this state with adequate compres- 
sion. The adhesive strips are left in place 
until the next visit to the office or they may 
be removed by the patient two or three 
days later. 

To obtain optimum cosmetic results, 
dilated venules called spider web or hair 
veins, when associated with varicose veins, 
frequently may be safely injected with the 
patient lying down or in the sitting posi- 
tion. The key vein, associated with and 
feeding these ectasias, is intracutaneous 
and therefore in a rather fixed position and 
usually remains sufficienth' engorged to 
permit safe introduction of a fine needle 
(27 gauge , } o inch long). If the needle point 
is outside the vessel lumen, a wheal will 
appear before less than one drop of solution 
has been injected. If the needle is in the 
lumen, a characteristic blanching of the 


zone will appear due to sclerosing solution 
replacing the blood leaving the vein. Only 
slight pressure should be used for the 
injection of such venules in order to obtain 
minimum distention, since these small ves- 
sels rupture readily. Discoloration caused 
by the deposit of blood pigments, hematin 
and hemosiderin, in the perivenous tissues 
is frequentlj”^ observed following injection 
of small veins. This is due to the great 
permeability of the thin, injured vein walls 
to sclerosing solution and blood pig- 
ments. Therefore, the employment of small 
amounts of weaker obliterative agents such 
as invertose 60 to 70 per cent or sodium 
psylliate, i or 2 per cent (sylnasol 5 per 
cent diluted with sterile distilled water) 
will lessen discoloration by producing a 
milder reaction in the vein walls, thereby 
reducing hemorrhagic extravasation in the 
perivenous tissues. The employment of 
weaker irritants for small superficial vari- 
cosities gives added insurance against the 
possibility of necrosis and sloughing follow- 
ing accidental extravascular infiltration. 
Here, too, firm compression applied imme- 
diately after injection is necessary to effect 
better cosmetic results. 

NEED FOR THE EMPTY VEIN TECHNIC 

While the empt}" vein technic ma}' in 
general be considered the technic of choice 
for the effective and most pleasant eradica- 
tion of varicose veins, it must be considered 
the technic of necessity in the following 
situations : 

I. When injecting superficial, partially 
intracutaneous veins, and thin-walled, sac- 
culated ectasias (vesicle veins). (Fig. 2.) 
These are of a more or less deep blue color, 
covered only by a thin la^^er of skin. When 
the patient is in the recumbent position, 
such vessels rarely collapse to such a 
degree as to make their injection unsafe. 
Full vein injection of such varicosities 
often results in thrombosis with the forma- 
tion of painful, hematoma-like indurations 
protruding in the form of knots and 
strings. Such indurations are very slowly if 
at all absorbed. When this has occurred, 
removal of blood clots from such painful 
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thrombosed veins is often indicated to taneous fat, and full vein injections would, 
avoid suppuration resulting in irregular therefore, result in painful indurations 
sloughing and scarring. which are usually very slowly absorbed. 



C D 

Fig. 2 ^ and c, sul)cutancous sacculated ectasias (vesicle veins) rup- 
turing spontaneouslv . a, blocking of the b.ickllovv in the incompetent 
great saphenous vein docs not result in collapse of these superficial 
varicosities n and d, after treatment. These superficial varices can be 
injected safclj onK when thev are in a collapsed state. 

2. In varicosities over bony prominences, 3. When injecting varicosities in or near 
as over the anterior surface of the tibia, the areas of chronic thrombophlebitis, dermati- 
patella and about the ankle bones. In these tis hemostatica, varicose eczema, psoriasis, 
areas there is only a thin layer of subcu- etc. These complications, caused or ag- 
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giiu-ated by the stagnating venous circula- 
tion, are frequently exacerbated by gross 
thrombosis and the resulting perivenous 
edema. In the presence of chronic thrombo- 
phlebitic induration the employment of 
iontophoresis with mechoh'l, as described 
by Kovacs,® will be found helpful to soften 
such hardened areas before sclerosing ther- 
apy is instituted. It is advisable first to 
inject varicosities situated at a distance 
from these hard, nonpitting, brawny in- 
durations. After softening with mecholyl 
iontophoresis, one will frequently find 
several medium or small-sized varices 
within the thrombophlebitic area. This 
group must be injected with the greatest 
care, the best approach being from without 
the margin of the thrombophlebitic area. 
The latter usually- remains somewhat pig- 
mented, though considerably lighter in 
color, even after treatment. 

4. Impairment of arterial circulation is 
considered by some workers a contraindica- 
tion to active treatment, while numerous 
others believe that the defective arte- 
rial supply will be greatly improved by 
the elimination of associated incompetent 
veins. 

In the presence of an incompetent 
internal saphenous system, venous ligation 
is the method of choice. Excessive throm- 
bosis is to be avoided as the deficient 
arterial circulation may be inadequate to 
cope with an extensive local reaction and 
perivenous edema. When the elimination 
of such varicosities by injection is desirable, 
minimun doses of sclerosing solution into 
empty veins are indicated for safety. 

As for choice of sclerosing solutions, I 
have at present no new experiences to add 
to the data already presented in a recent 
publication.® I have continued the use of 
sodium morrhuate 5 per cent without 
encountering any untoward reactions. 

TECHNICAL PROCEDURES EMPLOYED 
WITH LIG.ATION AND THE 
RETROGRADE INJECTION 

The advantage of combining ligation 
with a simultaneous retrograde injection of 
the great saphenous vein lies in the fact 


that it will greatly reduce the number of 
injections required in the follow-up treat- 
ment. In many patients the upper segment 
of the saphenous vein is also most difficult 
to inject from the surface of the thigh. In the 
presence of infected ulcers complicating 
varicose veins, active treatment should be 
dela^'ed until the infection is under control. 
Azochloramide in triacetin i : 500 will be 
found very effective for the treatment of 
moist superficial ulcerations. The astrin- 
gent action of this solution will also shorten 
the healing time. The duration of action 
can be prolonged by covering the medi- 
cated dressing with an impermeable mate- 
rial such as waxed paper or oil silk to pre- 
vent absorption by the overlying dressing. 
The employment of gentian violet 2 per 
cent in aqueous solution, followed by a 
bismuth powder, and the use of a non- 
adherent dressing material are also effica- 
cious in the treatment of superficial 
ulceration. Adequate support of the super- 
ficial venous circulation is of primary 
importance to accelerate control of infec- 
tion and epithelialization. 

The following procedures will be found 
helpful to make ligation an uneventful 
minor operation with minimum postopera- 
tive pain and discomfort and will Insure 
better cosmetic results. Before ligating, 
several small injections into isolated vari- 
cosities should be given to ascertain 
whether or not the patient is sensitive to 
the solution to be used for the retrograde 
injection, and to determine, by observation 
of the degree of reaction and sclerosis fol- 
lowing these injections, the optimum 
amount of solution for the distal injection. 
If the reactions are severe, the presence of 
latent phlebitis is to be suspected. Should 
this occur, it is best to delay ligation and to 
continue injection treatment with small 
repeated doses of weaker sclerosing solu- 
tions, gradually increasing the amount. 
This will produce successive, acute phle- 
bitic reactions of a localized and mild 
nature. The effect of these graduated 
phlebitic reactions is similar to the action 
of increasing doses of autogenous vaccines. 
By the use of these measures, one will 
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prevent severe secondary thrombophlebitic 
reactions in the distal segment of the 
severed vein and surrounding varicosities. 
Such a reaction occurs from si.v to eight 
days after the operation and is usually 
accompanied by severe local and systemic 
discomfort. 

SUPPORT OF THE THROMBOSED VEINS 

Adequate support will greatly reduce 
postoperative pain and discomfort and will 
keep most patients ambulant. This support 
is best applied immediately before the 
operation and should be continued until 
subsidence of the swelling and pain. An 
elastic bandage, such as the Ace bandage, 
Ace lastex bandage or a similar band- 
age, applied firmly from toes to knee 
while the patient is in a recumbent posi- 
tion, will secure effective compression 
of the varicosities of the leg. In the presence 
of varicose eczema or dermatitis hemo- 
statica, a zinc gelatin bandage such as 
cruricast is preferable. An elastic adhe- 
sive bandage, such as the Ace lastex band- 
age will also secure firm support, especially 
in the presence of edema, but it should be 
applied onlj’- on healthy skin. Areas of skin 
lesions, such as secondary weeping eczema 
or dermatitis, should be covered with a cod 
liver oil ointment or a mild tar product and 
gauze before the application of an adhesive 
bandage. A nonadherent covering such as 
oil silk or strips of waxed paper over the 
medication will help protect new granula- 
tions and epithelialization. 

Adequate support of the great saphenous 
vein and the surrounding varicosities of the 
thigh is best attained bj’^ the application of 
a nonslipping support such as adhesive 
strips or an elastic adhesive bandage. This 
support should be applied with even pres- 
sure avoiding strong tension. It is advisable 
to unroll the elastic bandage for about ten 
inches before applying, to avoid , compres- 
sion of the thigh by the force used to unroll 
the bandage. Dr. Tunick“ makes the retro- 
grade injection after the extremity has been 
slightly elevated. To prevent leakage from 
the puncture hole, a needle of small gauge 
is preferable for this injection. 


An endeavor was made to keep the 
“before and after treatment” illustrations 
similar both in size and tone gradation, as 
onl}’’ then are they useful for clinical 
evaluation. 

CONCLUSIONS 

1. Treatment of varicose veins can be 
effected with a minimum of pain, discom- 
fort and disability. In a high percentage of 
cases, ligation is essential for effective treat- 
ment. The empt}^ vein technic, though 
more difficult from a technical point of 
view, will greatlj'- contribute to good end 
results. 

2. Adequate compressive support (com- 
pressive collapse) is of primary importance 
to achieve painless sclerosis and good 
cosmetic results. 

3. Methods of technic must be varied 
and individualized to suit the different 
veins in individual patients. 

4. Overtreatment is to be avoided since 
it usuaJJ^f leads to insufficient treatment, as 
the patient, discouraged by distressing 
sequelae, gives up treatment at an early 
stage. 

5. It is desirable and possible to obtain 
good cosmetic results, not a negligible 
factor in the treatment of varicose veins. 
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C ONGENITAL anomalies of the semi- 
lunar cartilages should always be 
kept in mind when attempting to 
make a differential diagnosis in a case of 
internal derangement of the knee. It is 
particularly true in children and adoles- 
cents. To date, a congenital anomaly of the 
meniscus has not been a very common find- 
ing. In 1889, it was first seen in an anatomi- 
cal specimen and described by Young of 
Glasgow. It was not until 1910, however, 
that this anomaly was associated with 
symptoms of internal derangement of the 
knee. At this time Kroiss reported a disc- 
shaped external meniscus with a horizontal 
split (as in one of our cases: R. G. No. 5702, 
Fig. 3) which he had removed surgically. 
Since that time, cases of discoid semilunar 
cartilage with clinical symptoms have been 
reported in increasing numbers, beginning 
with Bristow’s report in 1927. To date over 
fifty cases have appeared in the literature. 
All anomalies reported, as far as we could 
determine, were those of the external 
meniscus with one exception (R. Watson- 
Jones). The report of a completely disc- 
shaped internal meniscus has not been 
found in the literature. 

Occiirraice. Naughton Dunn reported 
eight cases of discoid type external cartilage 
occurring in a consecutive series of two 
hundred ninety-five cases of internal de- 
rangement of the knee; this proportion 
agrees with our findings. In a ten-year 
period at the Massachusetts General Hos- 
pital there were one hundred sixty-four 
patients operated upon for internal de- 
rangement of the knee. In this series there 
were four cases of congenital anomaly of 
the meniscus, an incidence of 2.4 per cent. 


To these four we have added in this report 
three cases in which the patients were 
operated upon by us. 

Development. The embryological back- 
ground of the disc-shaped meniscus has 
been previously discussed by Jaroschy, 
Fisher, and others. The lizard is the highest 
form in which the completely disc-shaped 
meniscus normally appears. Jaroschy be- 
lieves that comparative anatomy studies 
throw little light on the occurrence of this 
anomaly in man. 

Symptoms and Signs. Symptoms may 
begin at any age but are most apt to occur 
in children or young adults. The ages, in 
years, of our seven cases were: 8, 10, 10, 13, 
19, 19 and 19, respectively, the average 
being fourteen years. The disability may 
follow a definite iniury to the knee, severe 
or slight, or may begin without trauma. In 
five patients symptoms began with a 
definite injury and in only two was there no 
trauma. The outstanding complaint as a 
rule is a snapping sensation accompanied 
by an audible click, or thud or jar when the 
knee is (lexed or extended. As a rule active 
motions more efiectively produce this 
sound. This is sometimes associated with 
pain. Usually there is little reaction in the 
knee except after an acute episode causing 
an increase in joint fluid. Motions are fre- 
quently unrestricted. A palpable tender 
mass may be felt along the joint line and its 
prominenee is exaggerated as the knee is 
brought from a flexed position to extension. 

X~ray Findings. Roentgenograms are 
usually negative except perhaps for widen- 
ing of the joint space between the external 
(or internal) condyles of the femur and 
tibia. 


* From tiic Orthopedic SeiA’ice, .Mass.icltusctts General Hospital. 
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Pathology. Of the cases reported in the 
literature almost half exhibited a split or 
tear or other form of injury constituting 
the mechanism by which pain or locking 
occurred. In the remaining cases, which 
showed no injury, the cause of snapping or 
locking was usualh’ obscure. Middleton 
observed at operation a transverse ridge in 
the central portion of the meniscus which 
caused the jog of the knee as the femoral 
condyle rode over it in flexion and exten- 
sion. This mechanism he demonstrated in 
two of his four patients operated upon. 

In our cases we did not encounter the 
situation which Middleton described. Only 
two of the seven cartilages were free from 
injury. The snapping and pain in one of 
these was due to a transverse ridge in the 
external femoral condyle on the weight- 
bearing surface, which appeared to engage 
the thickened mobile meniscus during 
flexion and extension, and thus caused a jog 
and thud as the knee was moved beyond 
that point. (Case n, M. B.) In the other 
case, the snapping sensation and the audi- 
ble click on motion of the knee were due to 
a combination of relaxed crucial ligaments 
and the thickened and broad meniscus. 

In this series there are five anomalies of 
the external meniscus and two of the 
internal. Three external cartilages were 
complete discs; the remaining four were 
discoid in type but showed some evidence 
of semilunar shape. 

Treatment. Internal derangement of the 
knee joint due to a congenital anomaly of 
the semilunar cartilage should be treated 
bj!^ excision of the cartilage whether it is 
damaged or not. In our series, five of the 
seven cases showed evidence of injury to 
the cartilage but all were relieved by exci- 
sion. Usualljf removal of such structure 
presents no difficulty and can be accom- 
plished with either the Fisher, Jones, or 
combined anteroposterior incisions. 

CASE REPORTS 

Case i. E. T. No. BM15105, age nineteen, 
a male, nine months before while playing foot- 


ball, was struck by a tackier on the outer side 
of the right knee. Swelling and pain followed, 
lasting two da3's. Brief locking of the knee had 
occurred several times since then. Since the 
injurv’’ he could produce snapping in his knee 
bj' flexing it with the leg held in external 
rotation. 

Examination revealed slight atrophj" of the 
thigh. No tenderness or masses were felt. There 
was no joint effusion and full range of motion 
was present. There was no increased lateral 
mobilitj’’ but definite increased anteroposterior 
mobilitt', in 90 degrees flexion. Snapping of the 
knee could be produced b\" passive flexion with 
the leg held in external rotation. A'-ra3'S re- 
vealed an old fracture of the tibial spine. 

The Fisher incision was used at operation. 
On opening the joint, the e.xternal semilunar 
cartilage was found to be thickened and formed 
a complete disc covering the external cond3de 
of the tibia. The cartilage showed no evidence 
of injur3'. The crucial ligaments were relaxed 
but intact. The discoid cartilage was com- 
pleteb' removed. The relaxation of the crucial 
ligaments and the discoid meniscus accounted 
for the patient’s symptoms. 

One year later the patient was symptom free 
with normal knee motions and full activit3^ 

Case n. M. B. No. U78882, age ten, a 
female, six weeks before, without histor3'’ of 
injur3% began to have locking of the left knee 
which was easib' reduced, but accompanied b3' 
pain on the outer side of knee. During this time 
there had been snapping on flexion and e-xten- 
sion. There had ne%'er been swelling of the knee. 

There was one-half inch atroph3'- of the thigh. 
Tenderness was present over the e.xternal joint 
line posteriorbx Examination revealed no joint 
effusion and full range of motion. No increased 
anteroposterior or lateral mobilit3' were present. 
On flexing and e.vtending the knee there was 
an audible thud accompanied b3' a jog of the 
tibia on the femur which could be seen and felt. 
This occurred at 30 degrees and again at 120 
degrees flexion. A^-ra3's were negative. 

Operation was performed with a Jones in- 
cision. On opening the joint, a thick com- 
pleteb"^ discoid external meniscus was seen. The 
cartilage was removed in toto. There was no 
split or evidence of injur3x There was a promi- 
nent ridge on the external femoral cond3'le 
which impinged against the anomalous thick- 
ened cartilage and caused the snapping of the 
knee. One 3"ear postoperativeb' the knee was 
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normal and no symptoms were evident. A'-rays 
were negative. 

Case in. R. G. No. U57402, age nineteen. 



A T*. 

r- 


Fig. I. Oise i. Complete discoid external 
semilunar cartilage; no damage to the 
meniscus. 

a male gave no history of injury. Locking of 
left knee had occurred as long as he could 
remember. It always occurred in full flexion, 
could be released by pressing a protruding 
mass in the external tibiofemoral fossa and was 
accompanied by little or no pain. On a few 
occasions there was swelling and pain on the 
outer side of joint lasting a few days following 
minor strains. 

Examination revealed a slight atrophy of the 
thigh; tenderness was present over the entire 
external joint line to a slight degree. A small 
firm mass appeared in the external tibiofemoral 
fossa on full flexion of the knee; this could be 
pushed back into the joint without pain. There 
was no joint eft'usion; full range of motion was 
present. A’-rays were negative. 

At operation the Fisher incision was used. 
The external cartilage was thickened and disc- 
shaped covering the entire external condyle of 
the tibia. The cartilage was removed in toto. 
There was a horizontal split in the cartilage 
Involving the posterior two-thirds, dividing 
this portion of it into a superior and inferior 
layer. Full flexion of the knee would cause the 
superficial layer to roll for.vard (Fig. 3) and 
give rise to the locking and make the mass 
palpable. 

Two years later the patient was symptom 
tree. The knee was normal except for slight 


relaxation of the joint and slight quadriceps 
atrophy. 

Case iv. A. A. No. U 188663, age fourteen. 


j 

■4 



Fig. 2. Gise ii. Complete discoid external semi- 
lunar cartilage; no evidence of injurx*. 


a male five months before entry wliile playing 
football fell striking his left knee on a cement 
walk. Pain followed immediately and persisted 
up to the time of admission. Since the injury 
his knee during active extension had fre- 
quently snapped and caught, but true locking 
had never occurred. 

Examination revealed three-fourths inch 
atrophy of the thigh; tenderness over the 
external joint line anteriorly; slight joint 
eft'usion; permanent flexion of 5 degrees, other- 
wise normal joint motion. On extending the 
knee from a flexed position a tender mass be- 
came palpable in the external tibiofemoral 
fossa. There was no jog or audible thud accom- 
panying it, and no increased anteroposterior or 
lateral mobility. A’-rays were negative. 

At operation the Fisher Incision was em- 
ployed. The external semilunar cartilage was 
thickened and of the discoid type, covering 
almost the entire surface of the external condyle 
of the tibia. It was removed in toto. Anteriorly, 
the inner margin of the cartilage was crescentic, 
and medial to it a portion of the external 
condyle of the tibia was exposed. Posteriorly, 
the cartilage was completely discoid and was 
split transversely. (Fig. 4.) 

Ten months post operatively the knee was 
symptom free. There was no quadriceps 
atrophy; the joint motions were normal and 
there was no instability. 

C.ASE V. J. L., No. Ui 1 1 104, age thirteen, a 
male, fell twisting his right knee two months 
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before entrj-. Pain persisted for one day. Five 
weeks before entry, wiien suddenly arising 
from kneeling position, he had pain in his knee. 


At operation vertical anterior and posterior 
incisions were used. The internal semilunar 
cartilage was seen to be “twice or three times ’’ 










A n 

Fig. 3. Case in. a, complcto discoid cvtcrnni scniilun.ir cartilage with honVontal split posteriorly. 
The superior portion is turned up and forward, n, shous split superior portion returned to its 
normal position. 


accompanied by flc.vion deformity and swelling. 
These symptoms persisted until entry. 

Examination revealed three-quarters inch 
atrophy of the right thigh; tenderness over the 
internal joint line anteriorly; no mass was felt. 
There was a slight amount of increased fluid in 


as thick and as wide as normal, and contained a 
“bucket-handle” split. (“It was apparent that 
the cartilage was of the congenital discoid 
t\'pe.”) The split portion, attached at both 
ends, had been dislocated into the intercondylar 
notch. The entire cartilage was removed. 




Fig. 4. Case iv. Discoid type esternal semi- 
lunar cartilage \\ith transverse split in 
posterior portion. 


Fig. 5. Casev. Anomalous internal semilunar 
cartilage with a “bucket-handle” split; 
incompletely discoid in tj-pe with concave 
inner border. 


the knee joint. Permanent fle.vion of 1 5 degrees 
with further flexion of 1 35 degrees. There was no 
increased anteroposterior or lateral mobilit3’' as 
compared with the opposite knee. No audible or 
palpable snapping was present. X-rays were 
negative. 


Two years later the knee was sjmiptom free; 
motions were normal, and there was no quadri- 
ceps atrophj" or instability. 

Case vi. H. R., No. 342881, age eight, 
a male, four months before entty, injured his 


New Sr.BiE': Vol. LIV, No. 2 . 


Ciivc, Stliples Discoid Meniscus Amcric.mJourn.iIorSurper.\ 375 


right knee while playing football. There was thigh. Tenderness was present over the entire 
pain for a few hours after injury but no locking. e.vternal joint line; no mass was felt; slight 
On the following day there was a second injury joint effusion was present and full range of 




Fig. 6. Case vi. Partially discoid internal semi- 
lunar cartilage with a split at its anterior 
portion. 

wliile playing football, followed by pain and 
flexion deformity. He was treated by rest and 
casts, with only partial improvement. 

Examination revealed no atrophy of the 
tliigh. A firm mass was felt in the internal 
tibiofemoral fossa. On flexion this mass dis- 
appeared within the joint. There was no tender- 
ness and no joint effusion; there was lo degrees 
permanent flexion and complete flexion. No 
increased anteroposterior or lateral mobility 
was present as compared with the opposite 
knee. A'-rays were negative except for widening 
of the mesial joint space. 

A Fisher incision was employed, exposing the 
Internal semilunar cartilage; the cartilage was 
found to be torn at its anterior insertion. The 
cartilage was discoid in t3'pe covering the major 
part of the internal tibial cond^de. It was en- 
tirelj- removed. 

Two 3'ears later normal motion and full 
actlvitj' were present. No pain, no knee sN'mp- 
toms and no instabllltA" were present. 

C.A.SE VII. hi. C., No. PH37320, age nine- 
teen, a male, while plajdng squash rackets, 
slipped and twisted his knee five months before 
entrj-. His knee locked. During the course of a 
month pain in the knee diminished, and motion 
gradually improved. Since then he has had a 
“popping” sensation on the outer side of the 
knee whenever he extended it. 

Examination revealed no atrophy of the 




Fig. 7. C.ise vii. Incompletely discoid type exter- 
nal semilunar cartilage; transverse split present 
in its midportion. 


motion. In flexing and extending the knee a 
“thud” could be felt on the external side of the 
joint. A’-raj's were negative. 

Operation was performed using the Fisher 
incision. The external cartilage was abnormalh’’ 
thick and wide. The anterior four-fifths of the 
cartilage was removed. A transverse split was 
present in the midportion. The cartilage was 
of the discoid t\'pe although the ex-ternal tibial 
condjde was not completeh’ eovered bj"^ it. The 
posterior portion cspecialK' was enlarged, being 
two to three times as wide as the ordinary' 
cartilage. 

Two months later the patient was sj'inptom 
free. There was no increased joint fluid, no 
permanent flexion and no Instability. 

SUMMARY 

Congenital discoid meniscus is not an 
uncommon cause of internal derangement 
of the knee. It occurs much more frequently 
in the e.xternal than in the internal com- 
partment of the joint. It usually causes 
symptoms in childhood or adolescence, and 
an injury may or may not precipitate the 
difficulty. The symptoms and signs are 
those of internal derangement, and the 
treatment should be operative removal of 
the anomalous cartilage. The discoid mem- 
ber may or may not show signs of damage. 
The operative results are uniformly good. 
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Ankylosis of a joint or stiffness of the adjacent soft parts is due not to 
immobilization but to pathologic changes. Such changes in turn are due to 
irritation, inflammation, tissue destruction, and scar formation. 

From — “Wounds and Fractures” b\- Orr (Charles C. Thomas). 



CHRONIC SCLEROSING OSTEOMYELITIS: GARRE 
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C hronic osteomyelitis is a disease 
which is being more frequently 
observed. There is considerable liter- 
ature discussing the acute and chronic 
forms of osteomyelitis. However, the few 
papers which have appeared discussing 
the type described by Garre are evidence 
of its rarity. This unusual disease still 
presents a problem in diagnosis and 
treatment. 

In 1893, Garre^ discussed the disease 
which bears his name. The picture was that 
of dense sclerosis of bone without suppura- 
tion. Trended in 1,299 cases of osteomyeli- 
tis reported fifty-four, and Henderson"’ 
in a group of 1,968 described thirty cases. 
In another report of 559 cases, from the 
Tubingen clinic, twenty showed neither 
suppuration nor necrosis. There -are infre- 
quent references in the literature, and a 
few textbooks on surgery briefly mention 
the disease. Jones,® in 1921, reviewed the 
literature and presented a case of his own. 
Other writers particularly Bloodgood* and 
Geschickter and Copeland’’ have discussed 
the subject and the problems it presents. 

ETIOLOGY 

The disease has the characteristics of an 
infectious lesion although in some cases the 
infectious agent cannot be demonstrated. 
There is a low grade persistent irritation 
which results in fibro-osseous proliferation 
without suppuration, ^^*ishner’® reported 
a growth of Staphylococcus aureus in 
three out of five cases. Bennett and 
Hopkins^ have reported a case in which 
Trichina were found in the muscle adjacent 
to the diseased bone. Whether the presence 
of this parasite in the soft tissues was 
sufficient to cause persistent irritation of 
the bone and sclerosis is problematical. 
Garre reported three out of four cases in 


which the Staphylococcus aureus or albus 
were isolated. Swett® reported two cases 
after fracture of the tibia, not compounded, 
in which the persistence of pain made a 
later operation necessary. Eburnated bone 
was found in each case at the site of the 
healed fracture. Removal of a section of 
cortex resulted in definite improvement. 
The microscopic sections showed, “focal 
necrosis of bone.” No culture was reported. 
Staphylococcus aureus hemolyticus was 
cultured from the curettings of the bone 
in the case herein reported. 

PATHOLOGY 

The tibia is said to be the bone most 
often involved, and that it occurs in males 
more often than females. The femur was 
involved in the case observed by the writer. 
There is a low grade infection of the lym- 
phatics of the bone. By Kaufmann" it 
is called “osteitis ossificans, condensing 
osteitis, or osteosclerosis.” The lesion is 
usually solitary. It consists of a formation 
of new bone arising from the marrow cavit}^ 
and vascular channels and encroaching 
upon the old trabeculae. The marrow 
cavity gradually becomes narrowed or 
obliterated, the cortex widened and its 
density increased to ivory-like consistency. 
With this osseous proliferation there is an 
increased fibrosis. (Fig. 5.) 

SYMPTOMS 

The following case illustrates the history, 
the signs and symptoms of the disease 
and a complication not presented hereto- 
fore in the cases reported: 

Case Report, hi. O., a female, age twentj'- 
eight years, a secretary, had recurring pain in 
the elbows, wrists, fingers, right knee and ankle, 
for seven years. The patient began having pains 
seven years before in most joints, not constant 
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but with frequent recurrence. The pain was 
aggravated by activity and abated some with 
rest. Her physicians had at various times 



has chronic arthritis; one sister died of rheu- 
matic heart disease; one aunt had arthritis, and 
her father died in 1940 of heart disease. 



Fig. I. Right femur (September, 1937): There is thickening of the corte.v and 
medulla in the lower third. Periosteal irregularity with linear shadows of 
increased densitj’ in the soft tissues are present posteriorlj'. There is a mul- 
tiple cystic appearance in the lower part which culminates in a large cystic 
area in the lateral condyle. With the e.xception of a small amount of squaring 
of the bony margin of the joint nothing else unusual is noted. Findings sug- 
gest osteomyelitis of Garra 


examined her and made the diagnosis of rheu- 
matoid arthritis and appropriate treatment 
rendered. X-ray of teeth was negative for 
infection. Streptococcic agglutination was nega- 
tive, sedimentation rate was 0.42. 

In 1935, sjTOptoms of low-grade recurrent 
appendicitis appeared. Operation was per- 
formed and an atrophic appendix removed 
with release of congenital adhesions of the 
cecum and lower ascending colon. In 1936, fol- 
lowing an episode resembling "grippe,” joint 
pains recurred with elevation of temperature to 
IOO°F. 

Her past history was negative for either 
chronic or acute infection, except for the above 
mild attack of “grippe.” There was no historj* 
of trauma to the extremities. Tonsils had been 
removed at the age of seven years. Her mother 


Examination was negative except as follows : 
swelling and tenderness about the right knee 
and ankle; no redness, increased heat or indura- 
tion; there was tenderness to pressure over the 
condydes of the femur. The following was the 
result of the laboratory tests: white blood cells 
6000-10,280; polymorphonuclears 60 per cent; 
lymphocyte 30 per cent; hemoglobin 82 per 
cent; red blood cells 4,250,000; sedimentation 
rate 0.3; streptococcic agglutination 1:1280 
only. Serum studies: calcium ii.i; phosphorus 
3.7; Wassermann blood test negative. 

X-rays. All long bones and joints were 
■v-rayed with the positive findings as follows: 
“Films of the right femur show thickening of 
the cortex and medulla in the lower third. 
There is some periosteal irregularity with 
linear shadows of increased density in the 
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Fig. 2. Right femur (September, 1938): This differs from the normal in that the fine 
trabecular markings are not made out; there is a diffuse density of moderate degree 
obscuring the lower fifth of this femur. The lateral cortex is rather rough and some- 
what thicker than the left, and theic is one drill hole visible. A surgical c.xcavation 
can be seen e.\tending from tiiis region into the lateral condyle. These changes arc 
characteristic of osteomyelitis, but the changes are only to a mild degree. 






Fig. 3. Right femur, after the third operation (October, 1939) : There are four drill holes 
in the lower end. A small defect on the lateral corte.\, approximatelj' 7 mm. long, can 
be traced b.ack to the two previous examinations and is doubtless to be accounted for 
by the channeling of the cortex of the bone two j'ears ago that produced the thinning 
of the lateral cortex in this region. The femur certainly shows no progressive process 
and comparing the films of two years before, the bone in the lateral half of the femur 
in the lower fourth has a more nearly normal te.\ture now than then. 
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soft tissues posteriorly. The thickening is After further study of the films the roent- 
fairly uniform in the superior portion but gcnologist stated, “the diagnosis lies between 
there is a multiple cjstic appearance which chronic osteomyelitis and malignant bone 



Fig. 4. Right femur 1940): The bone is very ncar!\ norm.il in 

appearance. There is nothing to suggest present ctise.isc. 



Fig. 5. Photomicrograph shoving a complete replacement of the normal mar- 
row by fibrous tissue that is rather sparsely vascularized and shows slight 
1> mphocytic infiltration. The bone trabeculae, in this instance, do not show 
the widening and encroachment upon the marrow spaces that are seen else- 
where in the section and which is evidenced m the gross evamination b\ 
extreme eburnation. Diagnosis: chronic osteomj elitis of Garre. X 400. 


culminates in a large cj^stic area in the lateral 
condyle. With the exception of a small amount 
of squaring of the bony margin of the joint 
nothing unusual is noted. 

“Impression; Findings suggest osteomj’-elitis 
of Garre.” 


tumor.” Because of persistent pain, the patient 
w as adt ised that operation w as indicated and 
this was earned out m 1937. 

An incision w as made on the outer aspect of 
the right low er thigh. The soft tissues appeared 
normal. The periosteum of the femur was 
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smooth and glistening and easily separated 
from the underlying cortex ^Yhich was irregular 
and rough. Two drill holes were made and a 
portion of the cortex removed. This was hard, 
of ivory-like consistency, considerably widened, 
with the marrow cavity almost obliterated. 
There was very little bleeding from the bone 
and no evidence of suppuration. The tissues 
were closed in layers. 

Four weeks later because of persistent pain, 
the same region was explored and a section of 
eburnated cortex, one inch wide and four 
inches long was removed. The cyst (?), as 
shown by .v-ray, in the ex-ternal condyle was 
curetted and contained granulation tissue only. 
The tissues were closed in layers with a rubber 
drain placed down to the muscle. A serous type 
of drainage persisted for five weeks. 

The patient was discharged from the hospital 
four weeks later and for four months no weight 
bearing was permitted. Then she gradually 
increased the use of the leg and seven months 
from the time of operation returned to normal 
activity. 

Five months later pain in the right lower 
thigh recurred and for the first time tenderness 
developed on the inner aspect of the lower right 
thigh. There was redness, induration, and in- 
creased heat with the patient’s tempervature 
elevated to 100 ° f. These attacks lasted two to 
three days but recurred about every two weeks. 
Repeated .\-rays of the femur revealed a 
gradual improvement in the appearance of the 
bone. However, these episodes occurred with 
increasing frequency, persisting longer, and 
gradually incapacitated the patient. Although 
the signs were superficial and .v-rays showed the 
femur gradually becoming more normal, it was 
believed that infection of the bone had gradu- 
ally involved the soft structures of the lower 
thigh. Consequently, a third operation was 
resorted to, two years following the previous 
one. 

Third Operation. A long incision was made 
along the inner lower right thigh. Within the 
ligamentous expansion of Vastus medialis there 
was an area ij^ cm. in diameter consisting 
of granulation tissue surrounded by thickened 
but otherwise normal appearing ligament. This 
tissue was excised. The incision was deepened 
down to the femur without encountering further 
evidence of inflammation. The periosteum was 
not thickened and easily separated from the 
entire circumference of the underlying cortex 


which was smooth. Four drill holes were made. 
The cortex appeared normal in density and 
thickness and there was free bleeding from the 
drill holes. No pus was encountered. The tissues 
were closed in layers. 

Six -v-ray treatments were given because of 
some tenderness persisting medial to the patella 
about one inch from the previous inflammator}- 
site. The patient was kept inactive for three 
months. 

Fifteen months later the patient had re- 
mained relatively well but periodically there 
was mild pain about the right knee and occa- 
sional episodes of tenderness in the tissues in 
the region of the previous operative site. X-raj’^s 
of the femur have been negative for further 
evidence of inflammation. 

Pathological Report. Bone from first opera- 
tion; sclerosing osteomyelitis. (Fig. 5.) Culture 
of granulation tissue. Staphylococcus aureus 
hemolyticus of low virulence; ligamentous 
tissue from the third operation; chronic desmo- 
sitis. (Figs. 6 and 7.) Culture of tissue From 
third operation; an unidentified diplococci. 

The above case illustrates the symptoms 
characteristic of this interesting disease: 
first, its chronicity extending over a 
period of years; secondly, its similaritt', 
in the early stages to rheumatoid arthritis; 
thirdly, the recurring exacerbations with 
elevation of temperature, moderate eleva- 
tion of leucocytes without significant 
change in percentage of polymorpho- 
nuclears, and increased pain in the area 
involved. The absence of preceding infec- 
tion or trauma was noteworthy. 

DIAGNOSIS 

Sclerosing osteomyelitis is to be differ- 
entiated from syphilis of the bone and 
sarcoma. Osteal night pain is common in 
syphilis and osteomyelitis and the tibia 
is said to be most frequently iiiA oIved in 
both. However, the various stigmata and a 
positive Wassermann blood test rule out 
lues. 

The real difficulties lay in differentiating 
osteomyelitis from sarcoma. The clinical 
findings in each are similar. An initial 
rise in temperature occurs in both. The 
duration of symptoms averages ten months 
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(Geschickter,®) in sarcoma, whereas it 
is usually 3'ears in osteomyelitis. An eleva- 
tion of leucocytes may be present in both. 


this is, not constant. Sarcoma (Ewing’s) 
begins mildly but rapidly produces, within 
a few months, acute symptoms, w'hereas in 



Fig. 6. Above; ligamentous tissue that is rather 4\idely infiltrated b\ Ij rapho- 
Mes and not too well vascularized. There is no marked degeneration other 
than a certain amount of hj’aline swelling. The striking feature is the large 
number of Ijmphocj-tes scattered through the tissues. Diagnosis: chronic 
desmositis. 

Fig. 7. Below; a loosely organized granulation tissue is shown here in which 
several foreign body giant cells are well demonstrated. There is one area of 
evtensive hemorrhage. Note that the giant cells are unassociated with epithe- 
loid cells and that there is no caseation. Diagnosis: same as Figure 6. 


A loss of tveight is common in sarcoma but 
also maj^ be a finding in osteomyelitis. 
With the latter disease, there is more 
commonl}" infiltration of soft parts, but 


sclerosing osteomyelitis there is often an 
acute onset with fever and leucoctTosis 
which rapidly subsides into a chronic 
course e.xtending over a period of years. 
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The -v-ray appearance in the typical 
case dift'ers somewhat although the area 
of tumefaction in osteomyelitis resembles 
the early stages of Ewing’s sarcoma. 
There is formation of new bone in the 
periosteal and cortical zones. As a result 
the medullary cavity is narrowed or 
obliterated while the cortex is widened 
and its density markedly increased. Ossifi- 
cation is more pronounced than in sarcoma. 
Furthermore, sarcoma shows a dense 
formation of bone in some areas and 
secondary destruction in others producing 
a dift'erence in structure or mottling eft'ect. 
This also may be confusing as a similar 
.v-ray appearance at times occurs in 
sclerosing osteomyelitis. This is due to 
the areas of increased fibrosis within the 
bone structure which cast a less dense 
shadow producing the variation in density. 
It is not always possible to distinguish 
definitely between the two and the resort 
to biopsy may be necessary. 

TREATMENT 

Exposure of the medulla by generous 
removal of the overlying cortex and 
consequently the eburnated bone has 
proved the most satisfactory measure. 
Bacteriophage, deep .v-ray therapy, and 
vaccine have been tried with apparently 
some but no lasting benefit. The case 
above responded well to removal of a 
generous part of the ivory-like cortex 
and the subsequent long period of rest. 
This is an important adjunct in the treat- 
ment of this unusual disease. 

The recurrence of symptoms was at 
first thought to be the result of a sinus 
extending upward from the bone. They 
were due, however, to the subacute liga- 
mentous inflammation which required the 
third operation for its relief. The deep 
.v-ray therapy was no doubt an important 
factor in relieving the second site of 
ligamentous inflammation at the inner 
border of the patella which appeared 
shortly after this operation. 

The patient still has some discomfort 
in the right lower thigh after undue 
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activity. There is no limitation of motion 
at the knee joint, but there is some dis- 
comfort during the extremes of motion. 
The length of the right leg is the same as 
the left. Circumference of the thigh at the 
upper margin of the patella and that of the 
calf is I cm. less than that of the left 
at the same levels. 

SUMMARY 

1. A case of chronic sclerosing osteo- 
myelitis is presented. 

2. Its pathology is the result of a 
persistent irritation of the bone by an 
infectious agent most commonly a Staph- 
ylococcus aureus of low virulence. 

3. Its diagnosis is not always easy 
and is to be differentiated from sj^philis 
of the bone and Ewing’s sarcoma. 

4. Treatment is not entirely satisfactory 
but it responds best to surgical intervention. 

5. Subacute desmositis is a rare com- 
plication and one heretofore not described 
as a complication of this disease. 

6. A long period of inactivity and deep 
.v-ray therapy is an important adjunct 
in treatment. 
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GENERAL CONSIDERATIONS OF FISTULA-IN^ANO* 

THE ROLE OF FOREIGN BODIES AS CAUSATIVE FACTORS 
Alfred M. Buda, m.d. 

Associate Proctologist, Brooklyn Hospital 
BROOKLYN, NEW YORK 


F ISTULA-IN-ANO has been one of the 
earliest known afflictions of mankind 
as evidenced by mention of its exist- 
ence in early Biblical literature^ However, 
the first surgical treatise on anal fistula is 
accredited to John Arderne, an English 
surgeon of the fourteenth century.^ 

Much has been written about anal fistula 
since Arderne’s time, but the surgical 


quent infection is considered to be the 
main factor in the production of fistula. 
These crypts, situated at the pectinate 
line, dividing the rectum proper from the 
anal canal, open as pockets facing the 
rectum above. They are constantly exposed 
to repeated trauma and infection from the 
fecal stream above, and often serve as 
receptacles for foreign bodies coming down 


principles remain the same, namely, finding from the upper intestinal tract. 


the internal opening and then completely 
excising the tract. 

Simple fistula-in-ano is found more com- 
monly in males than in females. No satis- 
factory explanation for this has been 
advanced. The distribution among the 


In regard to tuberculosis as a cause of 
fistula-in-ano, it is now believed that the 
tubercle bacillus is only a secondary in- 
vader of the anorectum, the primary source 
of infection being usually in the lung. 

Not so long ago, anal fistula was con- 


sexes shows about 70 per cent occurring in sidered to be always of tuberculous origin. 


males.®''* Buie® found the incidence in males 
to be about 60 per cent. 

Anal fistula comprises less than i per 
cent of the total number of admissions in 
general hospitals. This is shown in Table i. 


Table i 

incidence or simple fistula-in-ano 

HOSPITALS 


No 


IN GENERAL 


Fistula or 
Abscc<:s 


Richard C. Cabot,^ in his book on “Differ- 
ential Diagnosis,” stated that fistula in ano 
was a tuberculous affection in practically 
every case. This belief has been disproved 
by clinical and scientific investigation. “In 
no instance,” says Buie,® “has evidence of 
tuberculosis been found within tissue re- 
moved from a fistulous tract unless pa- 
tients harbored either active or quiescent 
foci of tuberculosis in other parts of the 
body.” 

It is the opinion of diligent observers 
that in general hospitals the incidence of 
tuberculosis in anal fistula is about 2 per 
cent. In Buie’s® series of 1,000 cases of 
fistula 2.2 per cent were considered to be of 
tuberculous origin on histopathologic ex- 
amination. Bacon,® in a series of 400 cases 
Anal fistula and perianal abscess are found the incidence of tuberculosis in anal 
always intimately associated, the abscess fistula to be 1.7 per cent, 
being a concomitant or precursor of the In active cases of pulmonary tuber- 
fistula. culosis, the incidence of tuberculous anal 

Injury to the anal crj'pts with subse- fistula is much higher. Table n shows the 

* From the Surgical Service, Division of Proctologj', The Brooklyn Hospital, Dr. Ernest K. T.anner, Chief 

Attending Surgeon. 
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incidence of fistula as a complication of 
pulmonary tuberculosis. 


T.\bue h 

anorectal FISTUI..V AS A COMPLIC.ATION OF FUIAIOSARY 
TLBERCULOSIS 
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lOOOO 1 

torium i 

Chicago Municipalj 

7.0 

Marino, Buda and 
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1 
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3 S 7 

Kingston Avenue | 
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In a discussion of anal fistula, mention 
must be made of the anal ducts and anal 
glands. The existence of these structures 
has been a subject of controversy among 
anatomists, although Tucker and Helhvig^® 
seem to have demonstrated convincingly 
their existence and histologic appearance. 
They are considered vestigial organs and 
are found also in some of the lower animals. 

These tubular branching structures pass 
into the muscular coat of the anal canal 
and are lost in the connective tissue. Some 
are said to pass through the internal 
sphincter fibers and to terminate in the 
ischiorectal fossa. 

Tucker and Hellwig conclude that cryp- 
titis, anal fistula and perirectal abscess 
originate in these preformed anal ducts, 
and that these ducts explain the frequency 
of anal infections. 

Pope and Gunn^^ have done similar work 
along these lines and have been able to 
confirm all the findings of Tucker and 
Hellwig. The}^ were also able to demon- 
strate a definite inflammatory reaction of 
the crypt wall itself. 

As Hayden^'’ remarks, “These researches, 
coupled with the fact that the internal 
opening of an anal fistula, in the majority 
of cases, is found in the depths of a crypt, 
would seem to provide convincing evidence 
that most if not all perirectal abscesses 
Irom which fistulae develop, are a direct 
result of inflammation in the crypts and 
their subsidiary ducts.” 


And, as Buie® states, “There never has 
been an anal fistula without a primary 
internal opening, and that opening is 
alwaj^s in the anal crypts. All abscesses of 
anal origin come from a source within the 
anal crj’-pts.” 

Man has always dreaded fistula and has 
feared the operation for its cure. This is not 
without good reason; for, in some instances, 
not only is the patient not cured of his 
disease, but a greater affliction confronts 
him in the form of anal incontinence due to 
poor surgical management. As Lockhart- 
Mummery^® has said, “A fistula operation 
is not a major operation, but it is far from 
being a minor one.” 

Successful operation for anal fistula in- 
volves certain well established principles. 
One of the first objectives to be obtained in 
its cure is to provide adequate drainage, 
and this drainage must continue through- 
out the process of healing. All subsidiary 
tracts must be sought and exposed and 
freely excised. The fistulous tracts should 
be excised in such a way as to convert the 
areas into wedge-shaped fossae, the skin 
wound being larger and wider than the 
deeper wound. This allows the base of the 
wound to heal sooner than the surface 
wound, thus affording continuous drainage 
of the deeper structures until complete 
healing results. 

At times it becomes necessary to incise 
the sphincter muscle when a fistulous tract 
lies beneath it. It is advisable in such cases 
to cut the muscle transversely and in one 
place onl3% as otherwise incontinence maj' 
supervene. 

When one is dealing with an extensive 
fistula, the operation may have to be done 
in several stages so as to a^'oid serious 
damage to the anal musculature. When 
two separate internal openings exist and 
the tracts lie beneath the sphincter muscles, 
the operation for each fistula should be 
done at different times. The second opera- 
tion should be performed only after com- 
plete healing takes place following the first 
operation. 
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It is not advisable to pack the resulting 
wounds tightly or for more than twenty- 
four hours where the sphincter muscle has 
been incised; for this tends to keep the 
severed muscle ends apart, preventing their 
union and thus predisposing to anal in- 
continence. Bridging of tissue during heal- 
ing should be prevented. 

In tuberculous anal fistulae, in cases in 
which the patient’s sputum is negative, the 
wounds heal about as quickly as in non- 
tuberculous subjects. In patients with posi- 
tive sputa, the prognosis as to complete 
healing is usuallj'^ good, although con- 
valescence is often protracted.^ 

Surgical judgment at the time of opera- 
tion, finding of the primar}'- opening, 
judicious and adequate postoperative care 
are all important factors in the successful 
outcome of fistula operations. 

Low spinal anesthesia is well suited for 
operations for anal fistula as this gives 
complete relaxation to the parts involved 
with least inconvenience to the patient. 

We have found the prone, inverted V 
(Depage) position superior to the lithotomy' 
position in operations about the anorectum. 

FOREIGN BODIES 

Instances of foreign bodies in anal 
fistulae occur perhaps oftener than re- 
corded, either because the surgeon fails to 
look for them at the time of operation, or, 
as often happens, the foreign body is 
e.xtruded at the time the abscess ruptures 
spontaneous!}", or at some other time before 
operation. 

In the ten year period from 1930 to 1939 
there were 532 patients operated upon at 
the Brooklyn Hospital for fistula-in-ano or 
abscess with fistula. In only five cases 
(0.9 per cent) was a demonstrable foreign 
body recorded as having been found at 
operation. As stated above, it is the 
author’s opinion that this is only a small 
percentage of cases in which a foreign body 
was actually responsible for the fistula. No 
doubt, in many of these cases of fistula, a 
foreign body must have been ex-truded 
before the operation. 


The foreign bodies found in anal fistulae 
vary. Fish bones are the usual objects 
found, although seeds, toothpicks, pieces of 
metal or wood are also found at operation. 
A sewing needle was found in one of our 
cases reported here. 

Some men have the habit of chewing on 
a toothpick while conversing. The tooth- 
pick is often unwittingl}" broken and parts 
of it swallowed. Months later, the indi- 
vidual may present himself to his physician 
with a perianal abscess and subsequent 
fistula. He is amazed when the surgeon 
informs him of his findings at operation. 
This happened in one of our cases. 

Perardi^' reports a similar interesting 
case. A patient with a large ischiorectal 
abscess came to him for treatment. On 
incising the abscess and evacuating the 
pus, there was found at the base of the 
abscess cavity a small piece of wood one 
inch long with a pointed end. On being 
questioned, the patient stated that he was 
a tobacco chewer, but when out of tobacco, 
he had the habit of chewing on pieces of 
wood, and occasionally he would uninten- 
tionally swallow small bits of it. No doubt 
he terminated this pernicious habit after 
this unexpected result. 

CASE REPORT 

Of the five cases in our series in which the 
patients were operated on for fistula and in 
which foreign bodies were found, a tooth- 
pick was recovered in one, a calcareous 
object in another, fish bones in two, and in 
another patient, a sewing needle. 

I shall report this last case in detail 
because of its interest. 

R. C. was a single woman, twenty-one years 
of age, wiio for the three months prior to 
admission to the hospital had pain in the left 
buttock with a discharge of pus in this area. 
Examination disclosed the following: On the 
medial aspect of the left buttock, in the left 
posterolateral perianal area, ij cm. from the 
anal verge, was the external opening of a 
fistula. The internal opening was located 
posteriorly at the anorectal line in a crypt. A 
deeply situated, indurated, cord-like structure 
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extended from the external opening to the 
internal opening of the fistula. At about the 
center of this fistulous tract, 2.5 cm. from 
the anus, there was felt a fluctuating mass, 
about 2 cm. in diameter, evidently an abscess. 

The fistula was probed, and with the probe 
in position, an attempt was made to dissect 
out the whole fistulous tract threaded on the 
probe. However, when the abscess was reached, 
the dissecting scissors cut through it, so that 
the abscess walls had to be dissected out 
separately. In the bed of this abscess there was 
found a rusted sewing needle 5 cm. long. The 
“eye” part of the needle was missing. The 
whole fistulous tract, abscess walls and all 
necrotic tissue were completely excised. Com- 
plete healing occurred in twelve weeks. A’-ray 
examination of the region failed to show any 
trace of the missing “eye” part of the needle. 

The question here arises as to how the 
needle got into this location. It is highly im- 
probable that the patient had swallowed it. 
Interrogation of the patient failed to elicit am- 
adequate explanation. She did not remember 
having ever felt any sticking sensation in this 
area. 

CONCLUSIONS 

1. Simple fistula-in-ano occurs compara- 
tivety infrequenti}' in general hospitals, 
being met with in less than i per cent of all 
admissions. 

2. In hospitals devoted solely to tuber- 
culosis, the incidence of fistula is much 
higher varying from 6 per cent to over 1 1 
per cent of hospital admissions. 

3. Tuberculous anal fistula is found only 
in individuals who harbor a primary source 
of tuberculosis elsewhere in the body, usu- 
ally the lungs, and is encountered in general 
hospitals in about 2 per cent of all anal 
fistulae. However, in tuberculous subjects, 
the majority of fistulae and perianal 
abscesses are in themselves tuberculous in 


character as a result of secondary infection 
with the Koch bacillus. 

4. Demonstrable foreign bodies found at 
operation for anal fistula are few in num- 
ber, being recorded in only 0.9 per cent of 
our series of over 500 cases of fistula 
operations. 

5. Although the operation for anal fistula 
is not a “formidable” one, yet, the surgeon 
undertaking the operation should be well 
informed about the anatomical considera- 
tions and well versed in the surgical prin- 
ciples involved. 
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THE RIGHT LATERAL RECTUS INCISION 
IN ACUTE APPENDICITIS 


C. Grant Bain, m.d. 

On Staffs of St. Helen’s Hospital, Chehalis, and General Hospital, Centralia 
CHEHALIS, WASHINGTON 


I N recent years the AlcBurney incision 
has been advocated for use in all 
appendectomies in chronic as well as 
acute and complicated cases. ‘ Some would 
even say that the mortality in appendicitis 
has been markedly reduced by its use, 
but the mortality is in the complicated 
cases and the writer seriously questions 
the advisability of the general use of the 
McBurney incision in them. The right 
lateral rectus incision has been known 
by many names such as Battle, Jalaguier, 
Kammerer and Lennander.^ 

The position of the base of the appendix 
is usually below McBurney’s point which 
is about halfway along a line from the 
anterior superior iliac spine to the um- 
bilicus. The base of the appendix is usually 
at the level of the anterior superior spine 
at the linea semilunaris. Most appendix 
surgery is done in this region and conse- 
quently the nearer the middle of the 
incision is to this location the better. 

The right lateral rectus incision fulfills 
this desideratum more completely than 
any other. It is a slightly oblique incision 
just lateral to the lower right rectus muscle 
or just over the lateral edge of the muscle 
through the rectus sheath; then using 
some slight displacement of this muscle 
edge mesially, the posterior sheath is 
exposed. This is not a muscle splitting 
incision. The muscle is disturbed onij' bj' 
temporarily retracting the lateral edge 
mesially, and in closing it resumes its 
original position between the two layers 
of fascia. The other great advantage 
apart from its location is that this incision 
can easily be extended upward or down- 
ward as occasion frequently demands. 
This is of inestimable advantage in com- 
plicated cases. It is also of advantage 


should the diagnosis be inaccurate and 
should other organs have to be investigated. 
It also has the advantage of giving the 
best exposure to the blood supply of the 
appendix. Moreover, the site of this incision 
is more readil}' accessible to the omentum 
especially if this structure is short. The 
right paracolic gutter is not disturbed. 
Less tissue planes are opened up than 
with any other incision. A firmer abdominal 
wall results because the intact rectus 
muscle is interposed between the fascia 
laj'ers. There is no injury to nen'es or 
blood vessels. The site is well adapted to 
the use of local anesthesia as the rectus 
sheath offers a suitable enclosure for 
depositing the anesthetic solution. The 
nerves are small and relativel}’’ terminal. 
The elimination of forceful retraction also 
recommends this incision both for local 
and spinal anesthesia especially the elimi- 
nation of forceful traction on the cecum. 
The incision is over the usual location of 
complications. Drainage tubes pass more 
directly to the stump of the appendix and 
to the pelvis especially when the full, 
right lateral (three-quarter prone) position 
is maintained postoperatively. 

Contrary to previous teaching the ap- 
pendix does not usually point up and m 
toward the spleen. The postcecal and retro- 
colic positions are by far the commonest, 
amounting to over 65 per cent. The next 
most common locations amounting to 
some 30 per cent are those which hang over 
the brim of the pelvis.® Consequently, 
complications are met with behind and 
below the cecum and to the inner side, at 
least those short of fully developed abscess. 
When peritonitis is present, the location of 
the cecum and appendix is most difficult 
to determine but the patient can usually 
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Fig. 1. The Incision is made over the lateral 
border of the rectus muscle, with the mid- 
point on a line between the umbilicus and the 
anterior superior spine. 


Fig. 2. Showing the muscle retracted me- 
dially and the incision through the 
posterior siieath of the rectus muscle 
bet\^cen the eleventh and tttelfth inter- 
costal nerN-es. 


usually first located in the pelvis because 
the initial spread is in that direction. In 
many complicated cases the appendix and 
cecum are bound down and friable. This 
will not permit much in the way of traction 
should a laterally placed incision have been 
used. The usual location of the appendix 
is “down and in.”^*® The incision, therefore, 
giving best exposure in these directions 
is preferable. 

As to the question of facllitj^ for conduct- 
ing the operation, the Incision described 
probably necessitates less in the way of 
assistance than the so-called muscle split- 
ting or cutting incisions because little in 
the way of retraction is necessary. Better 
direct visualization, especially of the meso- 
appendix, can be had with this incision 
and the pelvis can be more easily reached. 

Injury to a terminal intercostal nerve 
only rarely occurs because the operation 
can usually be accomplished between 
two of the intercostal nerves (eleventh 
and twelfth) going to the lower rectus. 
Occasionally, one nerve has to be cut but 
the writer has never seen any demonstrable 
rectus muscle paresis following. This is 
of definite advantage because there is 


In infected cases with drainage this 
occurrence seems to be as common in 
one as the other, especially when one 
realizes that the right rectus incision has 
been used in the older age groups."’®’® 
Apparently statistics compare only the 
right rectus muscle “splitting” incision. 

With regard to drainage with the right 
lateral rectus incision, the postoperative 
posture of the patient is most important. 
Some claim that a full prone position is 
necessary to lower mortality, “ and others 
believe a laterally placed drain is necessary. 
The fully prone position is very un- 
comfortable and laterally placed drains 
are not verj* efficient in draining over the 
brim of the pelvis. It has been proved that 
drainage of the pelvis and of the iliac 
fossa can be accomplished by a full right 
lateral position or an incomplete prone 
posture,” This has been used for twenty- 
four to forty-eight hours after operation 
with a soft noncollapsible rubber tube as 
drain. This right lateral rectus incision 
has been used in fifty consecutive cases 
of ruptured appendix with drainage, with 
a mortality of 4 per cent.” One of the two 
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patients lost was eighty-four 3’ears old. 
Only one incisional hernia has appeared 
over a period of almost seven years and 
that in an obese woman of sixtj^-four 
who had much secondarj’’ wound infection. 
In five cases the whole chromic fascia 
suture line was removed postoperative!}' 
because of infection with no apparent 
adverse effect on the scar. There were no 
cases with mechanical obstruction and 
none with secondary abscess. 

The right lateral rectus incision is 
recommended for cases in which there is 
an acute condition of the appendix espe- 
cially in which some complication is 
suspected. 

SUMMARY 

In recent 3'ears the McBurney incision 
for appendectomy has been recommended 
highly. Its advantages are unquestioned 
but its disad\'antages suggest themselves 
when the advantages of the right lateral 
rectus incision are considered especially 
in acute cases which may have developed 
complications. Moreover in those acute 
cases in which the diagnosis is not com- 
pletely clear and in those so-called chronic 
cases in which some exploration may be 
desirable at operation, these advantages 
become even more apparent. The right 
lateral rectus incision is more directly over 


the site of the appendix, the meso-appendix 
and localized complications. The incision 
avoids damage to anatomical structures; 
it lends itself to extension readil}' in 
either direction; it permits a firm closure 
even when drainage has to be employed 
and it facilitates the operative procedure. 
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EXTRAUTERINE FIBROMYOMAS 

G. D. Scott, m.d. and Irvin H. Scott, m.d. 

SULLIVAN, INDIANA 


F IBROMYOMAS, pure myomas and 
pure fibromas not directly connected 
with the uterine musculature, are 
exceedingly rare, there being only about 
250 cases reported in the literature to date. 
In order of most common occurrence they 
may be located in the vagina, either in the 
posterior or anterior wall, in the broad liga- 
ment of the uterus or in the round ligament 
of the uterus. (A fibromyoma in the vagina 
and two in the broad ligament, one of which 
had undergone sarcomatous degeneration, 
will be presented.) 

There have been several theories ad- 
vanced concerning the etiology of this type 
of tumor, all of which have some logical and 
some illogical points of reasoning. It is 
necessary for fibromyomas to be derived 
from some anatomical structure which is 
made up of both connective tissue and 
smooth muscle. This anatomical structure 
is one which usually is very vascular. The 
statement has been made that fibromyomas 
of the uterus actually arise from the walls 
of blood vessels and arrange their fibers of 
smooth muscle and connective tissue in 
whorls to simulate the histological struc- 
ture of a blood vessel itself. Hence, they are 
extremely common in the uterus which has 
a rich blood supply. 

Some authors state that fibromyomas of 
the vagina are derived from remnants of 
the Mullerian and Wolffian ducts. This is 
quite possible, although since these em- 
bryological structures consist of both 
mesoderm and ectoderm, tumors arising 
from them should contain some glandular 
tissue which is not usually the case. This 
theory would not account for tumors which 
were in no way connected with these two 
above named structures. 

Grossly, these tumors vary in size from a 
microscopic structure to quite large tumors. 
They are usually hard to palpation and 


yellowish to pearly white in color, just as 
fibromyomas of the uterus. The consistency'^ 
depends upon the relative amount of fibrous 
tissue and smooth muscle composing the 
tumor. They are usually discrete and well 
encapsulated. Histologically, they consist 
of fibrils of connective tissue and smooth 
muscle closely interwoven with one another 
and tend to form whorls of tissue. The cells 
are usually of similar size and shape and 
present no mitotic figures, making them 
primarily a benign tumor. 

The fate of these tumors, like those of the 
uterus proper, is varied. Most commonly 
they remain as benign structures which 
may attain a large size. They may undergo 
necrosis due to impaired blood supply and 
this necrosis almost always begins in the 
center portion of the tumor. Some undergo 
hyalinization and even calcification. From 
an .x-ray examination, one such tumor in 
the anterior vaginal wall was mistaken for a 
large calculus in the urinary bladder and 
the bladder was opened for the removal 
of the calculus. Like those fibromyomas of 
the uterus proper they may undergo sar- 
comatous degeneration in which case thev 
become extrenielv malignant and metasta- 
size rapidly. 

The symptomatology of extrauterine 
fibromvomas varies greatlv with the loca- 
tion and size of the tumor. For the most 
part they produce pressure symptoms. 
Probably the most consistent symptom of 
anterior vaginal wall fibrom^'omas is that 
of partial and in some cases complete ob- 
struetion of the urethra. In the vagina they 
commonly become ulcerated and produce a 
bloody, purulent discharge and quite fre- 
quently may be mistaken for menorrhagia 
or metrorrhagia. Some patients will first 
complain of dyspareunia. Those rising from 
the various ligaments of the uterus and 
attaining a large size present a difficult 
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diagnostic task and due to their rarity are 
usually thought to be ovarian tumors. 

CASE REPORT OF VAGINAL FIBROMVOMA 

Case i. Mrs. F. S., age forty-seven years, 
was referred to us with a diagnosis of a ej'sto- 
cele. She complained of soreness and pain in the 
vagina, particularly when in a sitting position. 
She stated that for the past four years she had 
noticed a mass protruding from the vagina. The 
mass had made a gradual increase in size during 
the four j'ear period until on the date of admis- 
sion it was about the size of a large orange. Her 
menstrual periods, four months prior to admis- 
sion, had alwaj's been normal but since that 
time her periods had increased in duration up to 
two weeks although the daily flow was no more 
profuse. For the past two months she had had a 
leukorrhea and dyspareunia. She had noticed 
burning on urination and during the last week 
had noticed a partial obstruction to the flow of 
urine. Obstetrical history revealed that there 
had been no pregnancies. Past illness and 
familj'- historj-^ were of no significance. 

Physical e.\amination revealed a well devel- 
oped, well nourished, white female, appearing 
to be about fort^'-five to fiftj’- years of age. The 
head, neck and chest were essentially negative. 
The abdomen was essentiallj’^ negative e.xcept 
for moderate tenderness over the region of the 
urinary bladder. On vaginal e.\'amination in- 
spection revealed a mass bulging from the 
introitus which was covered with a leatherj>^ 
appearing vaginal mucosa. This mass was pear- 
shaped, with the ape.\ near the urethra. It had 
the general appearance of a cystocele. To palpa- 
tion the mass was moderately firm and slightly 
moveable. The mucosa covering the mass was 
rather leathery to palpation. Due to tenderness 
on manipulation of the cervix, the body of the 
uterus was not palpable. Later, under ether 
anesthesia, the cervix and bod3’^ of the uterus 
were apparentlj’’ normal to palpation. On rectal 
examination the mass was palpable. Since a 
bladder tumor was considered, a cj'stoscopic 
examination was made wliich revealed the 
bladder mucosa to be normal. The urinalj-^sis 
was essentiallj'^ negative, showing onb' a one 
plus albumin. The blood count revealed a 70 
per cent hemoglobin, a red blood count of 
4,100,000, a white blood count of 6,750 with 
76 per cent potymorphonuclear leukocjtes. A 
diagnosis of a c^’-stocele or a tumor of the vagi- 
nal wail was made. 


Under ether anesthesia an incision was made 
through the mucosa of the anterior vaginal wail 
direetb^ over the mass. On dissecting back the 
mucosa a firm, perfectb" round tumor mass 
about the size of a large lemon bulged into the 
operative field. It was well encapsulated and 
easilj'^ enucleated except for a small pedicle 
which was adherent to the fascia surrounding 
the urethra. This pedicle was ligated and 
severed and the tumor removed. 

The pathological report stated that the 
tumor measured 6 cm. in diameter. It was firm 
and the cut surface was pearlj^ white in 
color. Histological examination revealed many 
connective tissues and smooth muscle fibers ar- 
ranged in parallels and in whorls. The compara- 
tive amount of smooth muscle and connective 
tissue was about the same. All cells were ap- 
proximateb’’ the same shape and size and no 
mitotic figures were seen. The pathological 
diagnosis was fibrom^mma. The patient made a 
satisfactor}’- recover}^ and has had no similar 
complaints since the removal of the tumor. 

CASE REPORTS OF FIBROMYOMA OF THE 
BROAD LIGAMENT 

Case ii. Mrs. D. B., age sixtj^-six years, 
was admitted complaining of abdominal pain. 
She stated that her first sjTOptoms began six 
months prior to admission at which time she 
began to have nocturia and a feeling of pressure 
in the abdomen, being more pronounced in the 
lower left quadrant. About two weeks following 
the onset of her s3"mptoms she noticed a small 
mass just above the S3'mph3’’sls pubis just 
slight^ to the right side of the midline. For the 
past tliree months the mass had made a rapid 
increase in size until at the time of the first 
examination the tumor mass almost filled the 
entire abdominal cavit3A Although she was not 
certain, she believed that she had lost a few 
pounds in weight within the last month. Her 
histoi^' revealed that she had begun her 
menstrual periods at twelve 3’-ears of age and 
passed a normal climateric at fift3"-one 3'ears of 
age. She had had five children, all being normal 
deliveries. Her famib"^ histor3" revealed that her 
mother died at the age of sevent3^-six 3"ears from 
a carcinoma of the bod3’^ of the uterus. 

Ph3^sical e.xamination revealed the blood 
pressure to be 2 10/ no, pulse irregular, heart 
rate 102, temperature gg.i^r. The head and 
neck were essentlalb' negati\"e for any path- 
ological condition. There was no cervical ade- 
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nopathy. The heart was markedly irregular and 
the heart tones were accentuated both on the 
right and on the left sides. The abdomen 
presented a large, hard, nodular mass which 
arose from the pelvis and extended to a point 
3 cm. below the left as well as the right costal 
margin. The mass was apparently fixed to the 
posterior parietal peritoneum. Vaginal exam- 
ination revealed a large, hard and nodular mass 
which completely filled the pelvis. A diagnosis 
of a fibromyoma of the uterus or a retroperi- 
toneal malignancy was made. 

Under ether anesthesia a inidline incision was 
made from the symphysis pubis to the umbil- 
icus and an exploration of the abdomen 
revealed a large, hard, nodular, tumor mass 
which completely filled the abdominal cavity 
and extended deep into the pelvis. Throughout 
the tumor mass were many cystic areas wliich 
varied greatly in size. The deeper pelvic portion 
of the tumor was firmly adherent to the sur- 
rounding tissues, namely, the sigmoid colon, 
both the right and left ovaries and the body of 
the uterus. When the adhesions were freed the 
mass was found to arise from the base of the 
right broad ligament. The tumor mass was 
enucleated with difficulty and removed, and 
due to the rupturing of several of the smaller 
cystic areas above described closure was made 
with drainage. The patient made an uneventful 
recovery during her two weeks in the hospital. 

The pathologist stated that the tumor con- 
sisted chiefly of connective tissue and smooth 
muscle fibrils arranged in whorls. The smooth 
muscle fibers were myxomatous in character. 
Throughout the sections were large polychro- 
matic and hyperchromatic type of fixed cells 
with many mitotic figures. A diagnosis of a 
fibrosarcoma arising from a benign fibromyoma 
was made. 

Six months following dismissal from the 
hospital she returned complaining of a cough 
and a marked loss of weight. Her cough was 
productive and the sputum frequently con- 
tained bright red blood. She died one month 
later from pulmonary metastasis as shown by 
■v-ray examination. 

Case hi. Mrs. J. H., age forty-nine years, 
was admitted and gave a historj' of having had 
a menorrhagia for the past two years. On vari- 
ous occasions her menstrual periods had lasted 
lor two or three weeks, during which time she 
always passed a large quantity of clotted blood. 
She stated that her last menstrual period. 


which had lasted for three weeks, had occurred 
about five or six months prior to her admission 
to the hospital. Since that time she had had no 
hemorrhages until two weeks before admission 
she had a sudden hemorrhage which lasted two 
days. The bleeding consisted chiefly of clotted 
blood. Since the last hemorrhage she had had a 
great deal of lower abdominal pain and had felt 
e.xtremely weak. She also complained of low 
back pain. Her past history and family history 
were essentially negati^'e. Her obstetrical his- 
tory revealed that she had delivered five 
normal, full term children, following which time 
she had had a miscarriage during the first 
trimester of her last pregnancy. 

Physical e.xamination revealed a rather obese, 
white female who ga^•e the general appearance 
of being very anemic. Her head and neck were 
essentially normal except for oral palor. Her 
heart presented no apparent enlargement and 
no audible murmur. Her breath sounds were 
clear and there was no dullness to percussion. 
There was rather marked tenderness in both 
lower abdominal quadrants. Due to the ex- 
treme obesity of the abdominal wall no masses 
were palpable. Vaginal examination revealed a 
cervix which was rather large and hard. There 
was a mass in the pelvis which was wedged into 
the cul-de-sac of Douglas and seemed to e.xtend 
to the right side. The red blood count was 
3,250,000 with a 68 per cent hemoglobin. The 
white blood count was 10,500 with 69 per cent 
polymorphonuclear leukocj^tes. A diagnosis of 
fibromyoma of the body of the uterus was 
made. 

Following a blood transfusion of 500 cc. of 
blood and under ether anesthesia a midline 
incision was made in the lower abdomen. Ex- 
ploration of the pelvis proved the body of the 
uterus to be e.xtremely firm, pearly wliite, regu- 
lar in outline and slightly enlarged. Both 
ovaries were somewhat atrophic. At the base of 
the right broad ligament there was a hard, 
regularly outlined, egg-shaped mass which ^^•as 
in no way connected with the body of the 
uterus. 

Following the removal of the right Fallopian 
tube and ovary, the two peritoneal laj ers of the 
broad ligament were separated. The right 
ureter and uterine artery were found to be 
firmly adherent to the mass described in the 
broad ligament. After dissecting the ureter and 
uterine artery free the mass was removed. It 
was thought that removal of all ovarian tissue 
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would eventually cause a cessation of the bleed- 
ing from the fibrous uterus so the left Fallopian 
tube and ovary were also removed. Closure was 
made without drainage. A postoperative diag- 
nosis of fibrosis uteri and fibromjmma of the 
right broad ligament was made. 

The pathological report stated that the 
fibrous mass removed from the right broad 
ligament was a fibrora5mma which measured 
5 cm. in diameter. The patient made an un- 
eventful recover}' and at the present time is 
well. 

SUMMARY 

1. Extrauterine fibromas, myomas and 
fibromj'omas are e.xtremel}' rare. 

2. The etiological theories and literature 
have been reviewed. 

3. Three case reports of extrauterine 
fibromas have been presented, one in the 


broad ligament tvhich had undergone 
sarcomatous degeneration, one in the broad 
ligament which was benign and one in the 
anterior vaginal wall connected to the 
distal portion of the urethra and large 
enough to cause marked urinary symptoms. 

REFERENCES 

Tuberovsky, D. D. Benign muscular and connective 
tissue tumors of the vagina. Akusb. i. ybensk. bolie/., 
40: 655, 1929. 

PiSTUDDi, A. A voluminous fibromyoma of the vagina. 

C/in. ostet., 32: 396-404 (Julj') 1930. 

Kohler, H. Myoma of the vaginal wall. Zeniralbl. J. 

Gynak., y2: 1266-1267, 1928. 

Schilling, Wilhelm. Myomas of the vagina. Monat- 
scbr.J. Geburtsb., u. Gyna/;., 89: 333-440, 1931. 
Abraha.m, Ernst G. A case of myoma of the vagina. 
Monatsebr. f. Geburtsb. u. G^nak., 85: 260-262, 
1930. 

I.NGRAHAM, C. B. A casc of fibromyoma of the vagin.i. 
Am. J. Obst. 6“ Cjoier., 14: 25, 1927. 


The essential in treatment of . . . rectal and anal abnormalities is to 
establish a continuity of epithelium between the rectum and skin and thus 
prevent scar formation and constriction. To provide adequate anal control, 
the e.xternal sphincter muscle must always be utilized. 

From — "Abdominal Surgery of Infanct’ and Childhood” — Jw Ladd and 
Gross (\\'. B. Saunders Company). 



ADENOMYOMA OF THE STOMACH^ 


HETEROTOPIA OF BRUNNER'S GLANDS PRODUCING PYLORIC OBSTRUCTION 

CASE REPORT 


Lyman W. Grossman, m.d. and James H. Kidder, m.d. 

Attending Surgixtn. City 1 lospita! Assiiciatc Surgeon, City Hospital 

NEW YORK, NEW YORK 


T he presence of aberrant gland tissue 
in the stomach wall, particularly of 
pancreatic type, has frequently been 
reported. However, cases in which gland 
tissue of the Brunner type is found within 
the stomach wall, are less frequent and 
usually occur as small sections of foreign 
gland tissue which are usually discovered 
at autopsy or in pathological section, ap- 
pearing as small adenomas insufficient in 
size to produce symptoms. The production 
of a tumor mass sufficlentlv large to cause 
pyloric obstruction, is apparently e.\- 
tremely rare. In fact, we have been able to 
find only one case reported in the American 
literature. 

There is considerable question, too, 
whether any of these had advanced to the 
stage of pyloric obstruction capable of 
producing gastric retention which was 
actually demonstrated by .v-ray prior to 
detection at operation or postmortem 
examination. The case reported by Y’oolsey 
and Millzner” (1928) and later noted by 
Stout” (1932) as a single example of lesion 
which had progressed to muscle hyper- 
trophy and pyloric blocking, was ap- 
parently not so determined until after 
operation on March 5, 1926, when pylo- 
rectomy was accomplished. “Dyspeptic” 
symptoms had continued intermittently 
since January 1921, and a posterior gastro- 
jejunostomy without resection had been 
completed in October, 1922, which had 
given relief for about one year. Subse- 
quently in spite of excellent function of the 
gastroenterostomy which was revealed by 
-v-ray, the symptoms increased and explora- 
tory laparotomy, accomplished in March, 


1926, finally revealed the prime etiological 
factor as an adenomvoma about 4 cm. 
prepyloric on the anterior wall of the 
stomach containing mucosal tissue of the 
Brunner type. 

Several other authors have reported 
cases of adenomyomas of the pyloric end of 
the stomach. Magnus Alsleben^ (1903) 
reported five cases detected at autopsy all 
of which revealed small glands connected at 
some point with Brunner’s glands of the 
submucosa. Gruzdeff’s® (1909) case is said 
to be the first adenomyoma to be observed 
clinically and at operation revealed a mass 
imbedded in the posterior wall of the 
stomach near the pylorus which on section 
proved to be alveoli, lined with stomach 
type of mucosa but apparently closed 
cavities without connection with the stom- 
ach epithelium. 

Others, among them Stewart-Taylor^ 
(1925), Ramirez-Corria" (1926) Hilarowitz^ 
(1927) and WholwllB'^ (1929) have all 
described cases seen either at autopsy or at 
exploratory operation which revealed small 
adenomyomas in the pyloric region with 
alveoli frequently of the pancreatic type 
and less frequently either of the Brunner 
type or of an undifferentiated character. In 
all an increase in smooth muscle strands 
was noted. 

Petrowitch and Davidowitch® (1933) re- 
ported a case from Belgrade of ade- 
nomyoma with abscess in a twenty-one 
year old white male admitted to the hospi- 
tal with history of diarrhea for two days; 
temperature io2°f., pulse 120 with tender 
abdomen, especially on the right side. He 
was explored through a McBurney incision 


* From The New York City Hospit.il, Dep.artment of Hospit.xls, Welfare Island, New \'ork City. 
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and a normal appendix found. The incision fully observed at the time of these previous 
was enlarged upward and stomach dis- admissions no clue obtained to what now 
played tvith difficulty. A dilated pyloric seems to have been the true etiological factor 



Fig. I. Fig. 2. 

Figs. 1 and 2. Films taken in 1935 showing a long, rather well formed stomach, the only finding of 
unusual character being in the somewhat more vertical position assumed by the pylorus. 


antrum covered with fibrin and very 
hyperemic appeared. Suspecting a localized 
phlegmon, a Billroth u resection with 
drainage was completed. Specimen revealed 
an abscess the size of a “nut” containing 
5 cc. of pus \vhich cultured staph 3 dococci. 
Sections showed enlarged fibromuscular 
structures hj'alinized about the abscess 
with adjacent adenomt'omatous tumor 
tissue. 

This is of some interest in that it seems 
to have been the direct factor which led to 
the discovery of “neoplastic” changes bj'^ 
.v-ra}'^ and which actualty produced the 
clinical and radiographic obstruction ob- 
served in the patient about whom we are 
reporting. 

CASE REPORT 

The case which we are here considering is 
that of J. S., a waiter, twenty-six years of age, 
single, who was born in New York City, and 
who was most recentty admitted to the City 
Hospital on October 23, 1939. 

By virtue of the chronicity and prolonged 
duration of his sjnmptoms, he had previouslj' 
been admitted to City Hospital on several 
occasions, and although completely and care- 


in his disturbance. At no time did Iris past or 
family histories seem to report any abnormal- 
ities with the exception of those included in the 
present illness and which are included in the 
summary of his case at the time of the most 
recent admission. 

At that instant he was complaining of pain in 
the epigastrium which he reported to have been 
five years in duration, and of nausea and 
vomiting in spells which had continued over a 
period of seven years. The nausea and occa- 
sional vomiting were reported to have appeared 
at varying intervals, sometimes before, during 
or after meals, but apparent!}' increasing in 
severity, and “increasing with ps5xhic stress. 
After a period of a few months epigastric pain 
began to be noted which was constant in char- 
acter and relieved only by drinking of milk. He 
continued to have this pain for a few years 
without other incident, until 1934 when he was 
hospitalized here, because of his complaints of 
gas pains after meals and constant epigastric 
pain, nausea and vomiting. A^-ray findings at 
this time were reported as suggesting peri- 
duodenal adhesion. He was placed upon a 
Sippy diet and obtained considerable relief. He 
was again hospitalized in 1935 for a similar 
complaint and again obtained treatment of the 
same character with resultant relief. In 1936. 
because of reappearance of his similar com- 
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plaints. A'-rays were again obtained with 
findings reported as entirely negative. His con- 
dition suggested a possible chronic appendiceal 



ity. Of late, milk had seemed to relieve his 
distress for periods lasting from five to ten 
minutes, following which the disturbance would 



Fig. 3. Fig. 4. 

Figs. 3 .A^D 4, Films taken in 1937. The findings were not suggestive of any organic pathological 
condition. A comparison with the films of 1935, however, seems to indicate a suggestion of a 
shortening of the stomach and a shifting of the pylorus over the midline toward the left side. 


focus and an appendectomy was performed 
without appreciable pathologA' being revealed 
in the tissue removed. However, he was some- 
what improved following this operation, but 
was readmitted in 1937, not for the complaint 
referable to the stomach but because of con- 
stipation, which was quite difficult to control 
and readmission was accomplished in order to 
obtain additional .v-ray examination. This was 
accomplished and no organic pathology found 
at that time. 

About eight weeks prior to his last admis- 
sion, he began to note the recurrence of his 
epigastric distress with frequent gas pain, 
aggravated by meals and most severe during 
the last six to eight weeks. About the same time 
he noted some brown vomitus, gradually in- 
creasing in frequency and amount, although on 
no occasion, apparently containing any bloody 
material. He did, however, note a gradual 
blackening of the stools beginning about one 
month before admission and reaching its maxi- 
mum intensity about two to three weeks later. 
Following this they returned to their brown 
color. The vomiting during the past few weeks 
has been green in color but of diminished sever- 


reappear and even awaken him during the 
night. 

At the time of his recent admission October 
23, 1939 his temperature was 9S.6°f. pulse 84, 
respirations 19 and blood pressure 122/80. 

He was found to be a well developed -but 
somewhat undernourished white male about 
5 feet 6 Inches tall, and weighing 130 pounds. 
He appeared somewhat anxious and depressed 
and frequently held the pit of his stomach with 
his right hand, though perfectly willing to be 
up and about the ward. His physical exami- 
nation revealed normal findings with the 
exception that he had a somewhat scaphoid 
abdomen with point tenderness high in the 
epigastric area and a sense of resistance, but no 
definitely palpable mass. A right rectus scar, 
well healed, marked the site of previous appen- 
dectomy. No hernia could be detected. He had 
a hemoglobin of 58 per cent and a red blood 
count of 3,800,000; white blood cells 7,800, 
polj'morphonuclears 68, ljunphocytes 27, tran- 
sitional 3, eosinophiles 2. 

Blood typing was group a International; 
blood sugar was 100; blood phosphorous 3.63; 
blood phosphates 4.31; blood Wassermann 
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negative. Examination of stool shortly after entire gastric mucosa was reddened and angry 
admission was positive for occult blood, but in appearance, and in the mucous lake of the 
subsequent re-evamination was negative ten fundus globules of the same white foreign 



Figs. 5 and 6. Films taken in 1939, preoperativeb’. The shortening of the stomach and the shifting of 
the pylorus to the left is more noticeable than previously, together with a persistent deformity and 
lack of pliability of the pylorus. 


days later. Gastric analysis performed on 
October 24, 1939 revealed the following: 


1 

Fasting j 

! 

1 

1 

, '5 

! Min- 
1 utes 

30 

^ Min- 
utes 

I 

60 

Min- 
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Free — no free hydrochloric ' 

10 1 

1 

1 

5 

Combined 20 

>5 i 

35 

30 

Quantity 25 cc 

25 CC. 

! 

25 CC. 

25 cc. 


All specimens were very' green with many 
lumps of mucus which gave a positive benze- 
drine test for occult blood. 

A gastroscopic examination was accom- 
plished on November 20, 1939 with the follow- 
ing findings: The antral mucosa was markedly 
reddened with a dull, dusky appearance. A 
small pyloric opening was glimpsed with respir- 
ation, but the antrum was marked by active 
peristalsis and somewhat distorted. White 
irregular solid material was adherent to the 
anterior posterior and lesser curvature boun- 
daries at the entrance to the antrum. The 


material were seen. The impression obtained 
was that of distortion of pylorus and antrum, 
marked superficial gastritis and some retention 
of solid foreign material. 

A gastrointestinal series begun on October 26, 
1939 showed the stomach to be of orthotonic 
tj^je revealing along the lesser curvature and 
prepyloric region a projection of the outline 
which was irregular and through which no 
peristaltic waves passed. Near this a little 
barium collection indicated some degree of 
irregularity'. The py'Ioric canal was elongated 
and rather stiffened. The cap was not well 
visualized. At six hours motility' study' showed 
marked gastric distention with food particles 
in the stomach. The head of the barium column 
was in the left half of the transverse colon indi- 
cating hypermotility'. The tail was in the 
terminal ileum. This was considered evidence of 
an organic lesion in the prepyloric portion of 
the stomach with involvement of the pyloric 
sphincter. Because of location of the lesion a 
neoplastic condition had to be considered. In 
any event the lesion had interfered with the 
motility' of his stomach and was causing partial 
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obstruction. At the end oC twenty-four hours, wall, about 6 cm. prepyloric appeared to be 
re-examination revealed a gastric retention somewhat elevated and had the reddish dis- 
which had a mottled appearance. This was sug- coloration similar to that seen in capillary 




Fig. 7. Fig. S. 

Figs. 7 and 8. Films t.ikcn postopemtivcly show complete removal of the pars pylorica and a 
portion of the duodenum, displaying a well functioning gastrojejunostomy. 


gestive of either polyposis or retention of food. 
A re-examination accomplished on November 
t5» 1939 revealed a widening of the pyloric 
canal with the patency of the pylorus appar- 
ently fixed, and suggested the possibility of a 
hj*pertrophic pyloric sphincter, although the 
fixation did incline one toward the suggestion 
of infiltration, not necessarily on the neoplastic 
basis, as an old ulcer could have been capable 
of producing these findings. 

Throughout the stomach there were trans- 
lucent shadows circular in outline about the 
size of a marble which could be displaced frpm 
one part of the stomach to the other. 

These apparently represented foreign bodies, 
and suggested balls of mucus that had been 
swallowed. The findings on this occasion were 
indicative of hypertrophy of the pyloric 
sphincter, fixation of the pyloric canal, which in 
all probability was due to an old infiltration 
secondary to an ulcer. There was moderate 
degree of obstruction caused by this condition, 
inasmuch as at six hours there was still con- 
siderable material in the stomach. 

In view of these findings exploratory lapar- 
otomy was performed on November 28, 1939 
with preoperative diagnosis of “chronic peptic 
ulcer, with secondary obstruction.” On visuali- 
zation of the stomach, an area on the anterior 


hemangiomas upon the skin surface. Palpation 
revealed some thickening of the wall at this 
point to about four times the normal. This 
thickening extended for considerable distance 
beyond the area of coloration. In view of its 
neoplastic characteristics it was deemed advis- 
able to resect the distal half of the stomach, 
tills being done with the use of a Von Petz 
clamp, a gastrojejunostomy being performed 
with the stoma at the lower end of the line of 
resection. Following operation the patient had 
a mild postoperative course for four days when 
rather suddenly his temperature flared to 
i04°F., pulse to no, and respirations 28. This 
began in the evening of the fourth postoper- 
ative day and by the morning of the fifth post- 
operative day temperature had come gradually 
down to normal levels. 

There had been slight pain in the operative 
area during this time and a few rales were 
detected at both bases. In the afternoon of the 
seventh postoperative day temperature again 
suddenly rose to I05 °f. There was complaint 
of extreme abdominal pain with sufficient evi- 
dence of peritoneal irritation to suggest the 
possibility of breakdown of the anastamosis. 
Exploration was suggested by some of the stafl' 
members, even though evidence existed in the 
respiratory passages which was felt sufficient to 
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account for the disturbance. A throat culture 
taken at this time was negative for pneumo- 
coccus, and revealed principallj’^ staphlococci. 
A blood culture taken at the same time was 


Here a granular mass protruded into the lumen. 
The wail of the stomach in this area was 
markedly thickened. The mass described sec- 
tioned with great difficulty. 


# . 



Fig. 9. Represents a photograph of the gross specimen. 
At the margin where the instrument is attached, there is 
a rather marked thickening of the wall of the stomach, 
particularly at those areas from w hich sections have been 
removed. It is possible to discern the hemorrhagic char- 
acter of the serosa adjacent to the thickened regions. 


also negative. Patient vas placed on sulfanil- 
amide therapy and within forty-eight hours his 
temperature had returned to approximately 
normal levels. Shortly thereafter the patient 
was placed upon a soft diet and except for an 
occasional feeling of fullness in the epigastrium 
he had no complaint. Re-examination of the 
stomach by .v-ray on December 1 5, 1939 showed 
complete removal of the pars-pylorica and por- 
tion of the duodenum with an enterostomy 
opening connected with the jejeunum. Barium 
was leaving the stomach slowly through the 
stoma but at the six-hour period the stomach 
had completely emptied. 

The specimen of resected stomach measured 
10 by 6 b\ 5 cm. The serosal surface was 
smooth and glistening throughout except for a 
well demarcated, raised, moderately firm 
hemorrhagic area. On opening the specimen the 
mucous membrane appeared normal through- 
out e.xccpt in the region of the raised hemor- 
rhagic area described on the serosal surface. 


The microscopic section revealed a norrn^ 
gastric mucosa moderatelj' infiltrated with 
lymphocj'tes and plasma cells above a 
plastic muscular coat. These were imbedded 
within the muscular coat and just beneath the 
serosal coat was noted a well encapsulated ar^ 
of gastric mucosa surrounded by hj'perplastic 
Brunner’s glands. , 

A diagnosis was made of “ Heterotopia of the 
duodenal mucosa (Brunner’s Glands) an 
chronic gastritis.” . . 

Following his discharge from the hospital, 
the patient maintained a diet of frequent small 
meals and by Januarj' 20, i 940 > game 
fifteen poun^ in weight, remaining entire 3 
symptom free. 

It is naturally rather difficult to reveal in 
still photographs of x-rays all of these fin - 
ings which are noted in fluroscopic exami- 
nation and revealed by manipulation o 
tissues under examination. However, there 
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are several findings of interesting character 
which reveal themselves in a few chosen 
films which are displayed in the accom- 


r \ 

‘ I* '3 



pathology. A comparison with the previous 
films, however, seems to indicate a sugges- 
tion of a shortening of the stomach, and a 



Fig. lo. Fig. i t . 

Figs, io and i i. Photomicrographs of tlie center of the involved regions displaying the enfolded 
stomach mucosa, surrounded by the glands of the Brunner type, which in turn lie within a 
markedly thickened layer of muscular fibers. 


panying diagram. Figures i and 2 represent 
films taken in 1935; Figures 3 and 4, films 
taken in 1937', Figures 5 and 6 represent 
films taken in 1939, preopera tively, and 
Figures 7 and 8 represent films taken post- 
operatively. Figure 9 represents a photo- 
graph of the gross specimen, and at 
the margin of the specimen to which the 
instrument is attached the rather marked 
thickening of the wall of the stomach is 
discernable, particularly at those areas 
from which the sections have evidently 
been removed. It is even possible to discern 
the hemorrhagic character of the serosa 
adjacent to the thickened region. Figures 
10 and II represent photomicrographs of 
the center of the involved region, display- 
ing the enfolded stomach mucosa sur- 
rounded by the glands of the Brunner type, 
which in turn lie within a markedly thick- 
ened laver of muscular fibers. 

The •v-ray films show in 1935 a long, 
rather well formed stomach, the only 
finding of unusual character being in 
the somewhat more vertical position as- 
sumed by the pylorus. In 1937, the find- 
ings were not suggestive of any organic 


shifting of the pylorus over the midlinc 
toward the left side. This seems to be even 
more noticeable in the films taken in 1939, 
and together with the persistent deformity 
and lack of pliability of the pyloric end of 
the stomach, make up the most significant 
changes revealed in the plates themselves. 
Figures 7 and 8 represent the findings post- 
operatively and display the functioning 
gastro j e j unostomy. 

SUMMARY 

A case of adenomyoma of the stomach, 
containing glands of the Brunner type and 
producing a tumor of the pyloric antrum 
which eventually led to obstruction and 
twenty-four-hour retention, is here re- 
ported. It follows in large part the charac- 
teristics demonstrated b^' other cases of 
similar type previously reported, nameK’, 
age incidence which seems to indicate a 
preponderance in young adults, the symp- 
tomatology which usually is indicated by 
gastric distress, nausea and even vomiting 
of chronic type in addition to absence or 
late appearance of .v-ray evidence for 
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lesions which, by most pathologists, arc 
considered to be developmental aberrations 
and, therefore, have probably existed in 
these areas over the entire lives of the 
involved individuals. Their clinical appear- 
ance and se^'•e^ty of sj-^mptoms seem to be 
in proportion to the overdevelopment of 
muscle fibers surrounding these lesions. 

Special acknowledgment is due the kind 
co-operation of the late Dr. George J. Plehn, 
who carefullj'- observed the entire series of 
.v-raj^s and to Dr. James R. Lisa, who classified 
the tumor and assisted in the preparation of 
the section and photomicrographs. 
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During the acute stage of poliomyelitis, it is not infrequent to encounter 
urinary retention, especially in adults. This is usuallj' a transitory affair and 
can be alle^'iated by sterile catheterizations. After operations on the back or 
hip, urinar}' retention may complicate the postoperative course. 

From — “Infantile Paralysis: Anterior Poliomyelitis” — by Lewin (W. B. 
Saunders Compan}')- 


OBSTETRICAL ANALGESIA IN PRIVATE PATIENTS 


Bernard J. Hanley, m.d. 

Associate Professor of Obstetrics i\rvd Gynecology, University of Southern California School of Medicine 

LOS ANGELES, CALIFORNIA 


T he use of drugs to produce analgesia 
and amnesia in labor has become in- 
creasingly popular. On the other hand, 
there is a distinct movement in the opposite 
direction supported by quite a number of 
experienced obstetricians. However, it is 
pretty generally agreed that the ameliora- 
tion of pain during labor is desirable al- 
though the ideal analgesia is yet to be 
evolved. There are at the present time 
several methods that are reasonably satis- 
factory although none is entirel}' foolproof. 

Common usage interprets the word 
analgesia to mean both a lessening of pain 
and loss of memory. This, of course, is not 
strictiv correct, but will be used in this 
sense in this paper. Analgesia is an adjunct 
to obstetrical technic, not a panacea for 
man}’ of its complications. When analgesia 
is resorted to, particular attention should 
be given to the occurrence of premature 
separation of the placenta and less frequent 
pathological conditions since they may be 
obscured by the use of drugs. The attend- 
ing physician should be doubly watchful 
in order to exercise the best judgment in 
handling his responsibilities. Therefore, the 
maternal pulse, fluid intake and output, 
fetal heart tones, rupture of the membranes, 
dilatation and effacement of the cervix, en- 
gagement and descent of the presenting 
part should be given close attention. Any 
marked variation from the normal demands 
prompt treatment. Analgesia enables the 
patient to approach delivery with less 
tatigue than those who have to do without 
it. This is expressed by the maintenance 
of a normal pulse rate. This perhaps is due 
to the fact that the patient is able to sleep 
and relax between her pains. 

I am reporting here 312 consecutive 
private patients treated during the past 
three years with nembutal and scopolamine. 


These are not routine cases. Frequently 
patients enter the hospital so far advanced 
in labor that only anesthesia can be given. 

I have not included in this series any cases 
delivered by cesarean section after a trial 
of labor. Having had experience with prac- 
tically all other methods of analgesia I 
have found this combination of nembutal 
and scopolamine to be the most satisfac- 
tory to date. It has been used by me as a 
preoperative medication for spinal anes- 
thesia for nine years. The state of mental 
relaxation in which patients came to 
surgery, and often maintained throughout 
the entire operation, has Impressed me 
most favorably. Subsequent observations 
have confirmed this impression in regard 
to labor. Although nembutal was first used 
by me in combination with both scopol- 
amine and an opiate, the latter was dis- 
continued. I believe this analgesia to be 
safe in the hands of any conscientious 
physician. It can be used in either home or 
hospital with a minimum of equipment and > 
personnel. I do not intend to discuss the 
pharmocology of these drugs. Their clinical 
actions have been carefully observed and 
recorded and there is nothing further to be 
added. I have purposely reported this 
private series in preference to a larger series 
conducted in charity institutions because 
inadequate physical facilities in the latter 
make it impossible to isolate patients and 
good analgesia is not readily achieved. 
Furthermore, in some charity institutions 
the patients pass through so many hands 
before deliver3>^ it is difficult to evaluate 
the efficacy of a drug. 

In deciding to give analgesia one must 
realize that arguments have been raised 
against its use, especially those drugs 
that may cause apnea in the newborn. 
Schreiber^ believes that when apnea is 
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present at birth an anoxemia is produced 
in the baby which, if prolonged, maj'- cause 
a focal necrosis of brain cells. If this apnea 
is not fatal, later in life these children 
may show e%ddence of spasticity, have 
convulsive seizures or be mentally retarded. 
In his study, however, Schreiber has not 
considered the roles of dystocia and hard 
forceps deliver}', or the use of oxyto.vics, 
any of which may result in cerebral 
hemorrhage, a recognized cause of apnea. 
Clifford and Irving- have shown that 
anesthesia may cause apnea in the new- 
born, especially when nitrous oxide-o.xygen 
in ratios above 85:15 are used. Their 
results substantiate the work of Eastman. 
While the work of Schreiber makes us 
consider analgesia in a new light still his 
thesis has not been entirely proved. One 
must remember that various types of 
analgesia have been used successfully 
for many years. Observations by Bill, 
Irving, Danforth^ and others upon large 
scries of patients are not in accord with 
those of Schreiber. 

METHOD 

In choosing an analgesia several factors 
must be considered, the drugs used must: 
(!) be safe for both mother and baby; 
(2) be reasonably easy to administer; (3) 
not require special equipment or assistance, 
and {4) not be prohibitive in cost. I believe 
this combination meets these requirements 
and so at the beginning of her last month 
of pregnancy the patient is gi\ en 3 gr. of 
nembutal to sec what her reaction is to 
this drug. If it produces a good sleep, 
there will be no contraindication in its 
use in labor provided she does not have an 
upper respiratory infection at the time of 
labor. As soon as labor has been well 
established, in other words, when the 
patient is aware of pain, she is given 6 gr. 
of nembutal by mouth and gr. of 

scopolamine hypodermically. The capsules 
of nembutal are punctured at both ends 
and given vith a small amount of tepid 
water to aid in di>- solving them and to 
provide quicker absorption. The room is 


then darkened and as far as possible all 
external noises are deadened, sideboards 
are fastened to the bed and an eyemask 
is put in place. A nurse is left in constant 
attendance. Usually the patient goes to 
sleep in from fifteen to thirty minutes. 
With each pain she will awaken, squirm 
about and then go back to sleep as the pain 
ceases. The length of analgesia depends 
on the rate of oxidation of the drug, 
severity and frequency of uterine con- 
tractions and other factors over which 
there is no control. Generally speaking, 
there was no relation between the dosage 
of nembutal used and the weight of the 
patient in this series. One dose usually 
provides relaxation and sleep for four to 
five hours. If delivery is not imminent, 
additional medication may be used. It 
has been my policy to give another 3 gr. 
of nembutal and if labor is prolonged a 
third dose of 3 gr. is added. If scopolamine 
is repeated, I give Hoo gr- Only in a few 
instances was it necessary to resort to 
opiates in the hope of relaxing a rigid 
cervix and giving the patient additional 
rest. The dosages used are shown in Table 1. 


Tablc 1 
DOSAcn 


i 

Primi- 

1 .Multi- 

Drug j 

! 

paras 

1 fh'irnc 

i 

Nembut.il gr. 6 and scopolamine hy- 
drobromidc gr. } j 50 

IIZ 1 

1 

1 

Nembutal gr. 6 and gr. 3 and scopo- ^ 
laminc hvdrobromidc gr. ’'jso 

81 ! 

1 26 

Nembutal gr, 6, gr. 3, and gr. 3 and 

scopolamine hvdrobromidc gr. * j 50 

8 . 

1 ^ 

Additional opi.ite — dilaudid gr. *32 

4 

3 

Additional scopolamine h>drobro- 



midegr, t>oo- 

6 



DELIVERY 

All patients were delivered under ether 
or gas anesthesia after a routine cpi-siot- 
omy. The cervix was inspected and re- 
paired when found necessary. It is m> 
custom routinely to deliver patients with 
outlet forceps when the head comes on the 
perineum. Unquestionably, more of these 
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cases would have delivered spontaneous!}’- 
had I chosen to wait. The methods of 
delivery are shown in Table ii. 


Table n 

■METHODS OF DELIVERY 


Delivery 

1 

Primi- 

parae 

1 Mvilti' 
parac 

1 

Spontaneous 

49 

'33 

[ 

69 

26 

Outlet forceps 

Mid forceps { 

4 

Version extraction 

0 

4 

Breech e.xtraction 

12 

8 





RESULTS 

In evaluating the effect of the analgesia 
used here I have classified them arbitrarily 
as good, fair and poor. While I appreciate 
that this is not very scientific, I believe 
nevertheless that they conve}' a fair mean- 
ing of the reaction of the patients. It goes 
without saying, however, that one might 
expect better results from the use of this 
analgesia if the patients could be isolated in 
a soundproof room and have a trained per- 
sonnel to observe them. The conditions 
under which these labors were conducted 
were not ideal but still reasonably good. 
The results are shown in Table iii. 


Table hi 
RESULTS 



Primi- 

parae 

Multi- 

parae 

Per- 

centage 

Good 

175 

82 

82 

Fair 

16 

24 

13 

Poor 

10 

1 

5 

5 


MATERNAL COMPLICATIONS 

No deaths occurred in this series. One 
patient had a moderately severe post- 
partum hemorrhage four hours after deliv- 
ery which I believe was in no way connected 
with the analgesia. She had had a post- 
partum hemorrhage following her first 
delivery in which neither analgesia or 
anesthesia was used. Eight of the patients 


who were in hard labor over twenty-four 
hours became very restless and so difficult 
to manage that seven of them were given 
an opiate. Each of these eight had received 
12 gr. of nembutal and I did not wish 
to give them an}’^ more. One patient had a 
mild sepsis from a retained cotyledon 
which subsided when the cotyledon passed 
spontaneously. One patient developed a 
severe pyelitis on the sixth postpartum 
day. She recovered quickly under sul- 
fanilamide therapjL It would not seem 
that either of these infections was in any 
way related to the analgesia. All mothers 
were discharged from the hospital in good 
condition. 

FETAL COMPLICATIONS 

One baby was stillborn. This was a 
breech presentation and death was due 
to the umbilical cord becoming impinged 
between the buttocks of the fetus and the 
sacral promitory of the mother. The fetal 
heart was not heard before delivery and 
death was in no way related to analgesia. 
One baby had an intestinal obstruction 
requiring surgical relief on the seventh 
day. He recovered. One baby, delivered 
by podalic version and extraction, was a 
mild hydrocephalic and subsequently died 
at the age of seven months. Twelve babies, 
0.4 per cent, showed evidence of asph3fxia 
at birth, six of whom required the use of a 
tracheal catheter for resuscitation, \vhile 
the other six responded to carbogen 
inhalations. Five of these twelve babies 
were delivered by mid-forceps after long 
labors which may account for the asphyxia. 
These twelve cases showed no subsequent 
evidence of asphyxia. However, there were 
three other babies who breathed spon- 
taneously at birth and several hours later 
had attacks of cyanosis. They responded 
immediately to carbogen and received no 
other treatment. No further attacks oc- 
curred after leaving the hospital. These 
three babies have been closely followed 
for over two years and are normal in all 
respects. While latent attacks of anoxemia 
following the use of analgesia have been 
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reported, further investigation is necessary 
to confirm this hypothesis, A fairly large 
clinical experience in patients who have 
had neither analgesia nor anesthesia has 
taught me that attacks of cyanosis in the 
newborn are not uncommon. 

SUMMARY 

1. A series of 312 private cases of labor 
are reported in which nembutal and 
scopolamine were used to induce analgesia. 
Good results were obtained in 82 per cent. 
Most of the patients failing to respond were 
in hard labor before analgesia was started 
and hence the drugs had insufficient time 
to induce sleep. 

2. There were no severe maternal com- 
plications in this series. Ten patients were 
markedly restless and difficult to control. 
One baby, 0.32 per cent, was stillborn due 
to a prolapsed cord which was in no 
way related to analgesia. Six babies were 
deeply asphyxiated at birth and required 
the use of a tracheal catheter for resuscita- 


tion. Six other babies who showed evi- 
dence of asphj'-xia responded to carbogen 
inhalations. 

CONCLUSIONS 

The combination of nembutal and sco- 
polamine, in the dosage described, can be 
used with safety to induce analgesia in 
labor. Patients with this type of analgesia 
require constant supervision. The length 
of the first stage of labor is not increased, 
the length of the second stage of labor 
may be increased due to lack of co-opera- 
tion with the expulsive powers, hence more 
outlet forceps are necessarjL A small 
percentage of the babies will require 
artificial methods of stimulation to estab- 
lish respiration. 
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METHYLENE BLUE AS AN INDICATOR FOR THE 
ORAL ADMINISTRATION OF FOOD TO 
THE SURGICAL PATIENT 

Benj. I. Golden, m.d. and J. E. Martin, Jr., m.d. 

Chief Surgeon, Davis Memorial Hospital Associate in Medicine, The Golden Clinic 

ELKINS, WEST VIRGINIA 


U NTIL recently, the accepted purpose 
of surgery was to alleviate pain by 
the removal of the affected part. 
Later, it became evident that not onlj' was 
the part to be removed, but that the re- 
establishment of normal physiological func- 
tions as necessary. This brought about the 
present evolution of surgery and the ap- 
preciation of the fact that the technical 
procedure was merely an incident in the 
processes of rehabilitation of the patient. 
^^’ith simplification of laboratory technics, 
refinements in the preoperative and post- 
operative evaluation of the patient, have 
become almost routine. However, as we 
read the literature of the day, one is 
impressed with the continuous and deliber- 
ate neglect of certain well established prin- 
ciples. Statement of some of these will not 
be universily accepted; yet their truth can- 
not be denied. For example, in cases of 
peritonitis, it is advised not to feed the 
patient; use morphine freely and keep the 
patient at rest. An examination of these 
statements demonstrates a most con- 
troversial condition. Lack of food in the 
gastrointestinal tract is conducive to the 
production of gas and supsequent disten- 
tion. Distention interferes with both diges- 
tion and absorption, reduces blood supply 
and osmosis, thereby reducing the normal 
resistance of the intestinal tract. The 
theory is that food will increase motility 
and either reduce resistance or spread 
infection. \ et we know that there is always 
residue in the intestinal tract, that a great 
bulk of the feces is composed of bacterial 
debris and failure to maintain the proper 
relationship of certain factors in the lumen 
permits certain bacteria, which normallv 


are harmless, to become pathological. The 
use of morphine again demonstrates the 
application of known facts. Morphine does 
not inhibit peristalsis but, on the contrary, 
brings about a more normal rhvthm. That 
peristalsis is definitely of value is conclu- 
siveH demonstrated by the use of spinal 
anesthesia. Most surgeons will admit that 
it is the anesthesia of choice in general 
peritonitis. Certainly one cannot argue 
that the brilliant results are all obtained 
from the lessening of shock alone. Thus the 
conclusion is : Certain of the principles now 
adhered to for postoperative care are 
groundless. The important factors in the 
care of sucli patients are to know definitely 
that the intestinal wall is completely viable 
and absorption is normal. Without this 
information, all methods of care become 
empirical. 

More recently, the brilliant results of so 
many workers in water balance, high 
protein maintenance and proper evaluation 
preoperatively of the patient, established 
bej'ond doubt the necessity for proper pre- 
operative physiological preparation of the 
patient. While these facts are well known 
and the literature is filled with modern 
advances, too frequently the application 
becomes a mere routine with no attempt to 
evaluate the patient by using the simple 
laboratory procedures which are now at 
our command. The free use of infusions and 
transfusions often burdens an already 
laboring physiological machine and the 
reaction becomes too much for the patient; 
thus we are guilty of aiding a stormy 
convalescence rather than relieving it. 
Methods developed to sustain the patient 
during the reaction period have been 
407 
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Fu:. I. Gisi! No. .joojrt. An clKlitccn yc.'irold female, three and one-half months 
preftnant. Slie had a nephri-ctoniv for .a hydronephrosis. .Methylene blue was 
given about seven hours post operatively and blue urine was obtained within 
three hours. Food was started the ne.vt morning. The patient did not vomit 
and had a smootli convalescence. Note the gradual increase in the plasma 
[rrotein .and the packed cell volume during her convalescence. The patient 
was discharged with pregnanc.v undisturbed. 



Fig. 2. Case No 40929. A thirty-four year old white female who had had 
vaginal bleeding for two years. A supcrcers'ical hysterectomj' was done 
under combined spinal-ether anesthesia. Before operation she received one 
transfusion of 500 cc. of citrated blood. Alethylene blue was given three 
hours postoperativel3' and blue urine obtained in three hours. Food was 
started immediateija She vomited several times but did tveli during her 
convalescence. There was little change in the blood pressure and plasma 
protein after operation. 
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demonstrated of moderate value. It still possible, how serious, and whether it was 
remains apparent that the oral administra- complete. A dye seemed the most likely 
tion of food is the only method of feeding, indicator. Methylene blue was the final 



Fig. 3. Case No. 39430. A thirty-six year old white male who had sulTered a 
perforation of a gastric ulcer about six hours before operation. Methylene 
blue was given the day after operation but no blue urine was obtained until 
tlie third postoperative day. In consequence, food was not started and he 
was given several intravenous injections of glucose and saline. After green 
urine was obtained he was able to take food without discomfort. He made an 
uncventfvil recovery. No further intravenous medication was necessary after 
food was started. 


compatible with normal metabolism. To 
date, the decision as to when to feed the 
patient has been based on empirical 
deductions. 

Early in 1928, we started to feed the 
postoperative patients as soon as nausea 
and vomiting stopped. We found that there 
was a marked reduction in postoperative 
morbidity. However, we were of the 
opinion that some method could be devised 
which would gi^•e us a physiological basis 
for this decision. Nausea and vomiting 
need not necessarily mean that the patient 
could or could not take food. Our problem 
was to ascertain that the intestinal tract 
was absorbing and the kidneys were func- 
tioning. An effort was made to find some 
method to determine, not only these facts, 
but should there be a break in the chain, if 


choice. While little is known concerning 
absorption and secretion of the dye, it is 
known to be harmless, and in the quantities 
used, certainly could not harm the patient. 

This preliminary report is based on the 
observation and study of approximately 
one hundred patients with all types of 
surgical procedures. The charts herein 
presented represent no special cases but 
rather a diversified group of surgical 
technics. The dye, i gr. ii) capsules, is given 
by mouth from six to eighteen hours post- 
operatively. The patient is requested to 
void prior to its administration; if he can- 
not, he is catheterized. At the time of 
administration of d3"e, as much water is 
given as can be comfortabl}’ taken. During 
the next three hours, small amounts of 
water are given repeatedly. After three 
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hours, the patient is encouraged to void. If obtain this secretion of the dye invariably 
there is failure, he is catheterized at the end means a sick patient. Also, a weak color is :r 
of five hours. If greenish-blue urine is signal to go slow with oral feeding. 
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Fig. 4. Case No, 38781. A thirty-three year old male who had had two previous 
repairs of perforated gastric ulcers. At the time of this operation he vas suf- 
fering from a partial pyloric obstruction. We call to your attention the 
marked reduction in packed cell volume and plasma protein caused by the 
administration of five liters of intravenous solutions over a period of seventy- 
two hours, not an unusual quantity as these solutions are given routinely 
today. 

Methylene blue was given shortly after operation and blue urine was passed 
within three hours. As this was one of our first cases, food was not started 
until sometime later. Notice that there is an almost immediate increase in 
packed cell volume and plasma protein after food bj- mouth is started; 
furthermore, the wide fluctuations in all values tend to be reduced. 


obtained, we assume that the ability of the 
intestines to absorb and the kidneys to 
secrete, has been established and we 
proceed to feed by mouth, ^^^e know that in 
chronic cystitis, the color of the urine will 
wash out rapidly, hence these bladders 
must be emptied often. It is stated that in 
certain types of nephritis, the color will not 
be secreted. To date, this has not occurred 
in our series and therefore, we cannot com- 
ment. Normally, color should appear in the 
urine in about ninety minutes. Since we 
believe catheterization should not be en- 
couraged, we seek a specimen in from three 
and one-half to five hours by voiding. 
Obser\'ation has taught us that failure to 


The criticism offered to this technic can 
be stated that the part operated upon is not 
sufficiently healed to withstand food and 
digestion, ^^^e believe this is contrary to 
existing knowledge. Even though a partia 
gastrectomy has been done, the stonaach 
continues to secrete and the digestive juic^ 
to regurgitate. In fact, one of the outstand- 
ing methods in the care of the patient n ith 
a gastric ulcer is to place the stomach at 
rest by feeding. We would admonish those 
who applj"^ this method to use judicious 
application and feed according to require- 
ments and ability of the patient. 

Since the application of methylene blue, 
we have obser\’’ed marked reduction m 
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wound infections, postoperative nausea 
and vomiting and have almost eliminated 
the use of the Wagensteen appliance. 
The accompanying charts illustrates these 
points. 

The values given in the figures are: The 
thick solid line represents plasma protein 
as determined by the falling drop method 
of Barbour and Hamilton; the thin line 
represents the packed cell volume as deter- 
mined Avith the Wintrobe tube; the dotted 
line represents blood sugar as determined 
by the Folin-Wu method adapted to the 
photoelectric colorimeter; the broken line 


represents blood sodium chloride as deter- 
mined by modification of Mohr’s method. 

SUMMARY 

We present a rationale for early feeding 
and the discrepancies of many of the argu- 
ments advanced against it. 

A method for ascertaining the physiologi- 
cal re-establishment of the absorption of 
the intestinal tract and the function of the 
kidney's is presented. 

The use of meth3dene blue, an innocuous 
d^'e, as the indicator and the admonition 
against free feeding without adequate 
studj' of the patient are also presented. 




An essential principle in the care of compound fractures is that no treat- 
ment of the wound itself should be allowed to interfere with correct 
splinting. 

From — “Wounds and Fractures” — by Orr (Charles C. Thomas). 



TENDON INJURIES* 

A STUDY OF ONE HUNDRED AND SIXTEEN CASES 

Donald H. Hooker, m.d. and Conrad R. Lam, m.d. 

DETROIT, MICHIGAN 


T here are few fields in surgery 
that are so prone to produce dis- 
appointment as that of the tendons 
and nerves in and near the hand. Few 
writers on the subject are satisfied with 
their own results, but they are encouraged 
b}'^ the increased percentage of satisfactory' 
outcomes which appears to be due to 
intensive study' of the problems involved, 
and continued experience in the operative 
technic. As an example of the careful 
and effective work which is being done 
on the surgery of the hand, one must 
mention that of Koch and Mason. ^ They 
stated, “A few patients have secured a 
perfect functional result and it is such 
cases particularly that encourage us to 
keep on try'ing to perfect our technique 
to such a point that we can in fairness 
hold out to every patient with division of 
nerves and tendons the reasonable assur- 
ance of a satisfactory result.” Following 
are two case reports from our series which 
serve as a reminder that “it can be done”; 

CASE REPORT 

Case i. R. S., a sixteen year old student in a 
trade school, sustained a laceration on the volar 
surface of the left forefinger over the proximal 
interphalangeal joint. Examination showed that 
no voluntary flexion of the interphalangeal 
joints was possible, and the diagnosis of section 
of the flexor profundus and sublimis tendons 
was obvious. The hand was carefully cleansed, 
and operation was begun under local anesthesia 
two hours after the accident. The profundus 
tendon only' was sutured, using the method 
preferred by Koch and Mason, which will be 
described below. The finger was maintained in 
flexion by a light metal splint on the dorsal side, 
but after two days, this splint was removed 
daily by the patient, and active motion was 


given to the finger. The laceration healed 
satisfactorily' in spite of the fact that the wound 
lay' in the crease where extension tended to 
open it. The splint was discarded at the end of 
six weeks. The result at the end of eight weeks is 
shown in Figure i. This is a very satisfying re- 
sult from the suture of a flexor tendon within 
the finger, a location which gives the poorest 
number of good results, as will be seen in the 
analysis of results below. 

Case ii. E. B., was a twenty'-eight-year old 
man who cut his right wrist .on the glass of a 
car window. The following injuries were sus- 
tained; complete section of flexor carpi ulnaris, 
fle.xor carpi radialis, palmaris longus, flexor 
pollicis longus tendons, all of the superficial 
and deep fle.xor tendons of the fingers, the ulnar 
artery' and the ulnar and median nerves. 
The operation was done under local anesthesia 
by Dr. George Wadsworth. All of the tendons 
except the palmaris longus were united by 
suturing with silk according to the method of 
Bunnell. The artery' was ligated and the nerves 
were sutured in the usual manner. The wound 
healed by primary' intention. Active motion 
was begun during the first week, and after 
healing had progressed to a safe degree, 
phy'siotherapy was used generously. Almost 
perfect motor function of the fingers resulted, 
as may' be seen from the follow-up photographs 
in Figure 2, taken fifteen months after the 
injury'. At this time, there was still some 
impairment of sensation as a result of the 
nerve injuries. 

In this analysis, 116 cases of primary 
tendon suture were studied. One hundred 
five of these were in the hand and wrist; 
the others were in the ankle and foot. 
Men sustained this injury' five times more 
frequently' than women. The age group 
most frequently' involved was that of the 
third decade. The right and left hands were 
equally' involved. Injuries of the hand 


* From the Division of General Surgery of the Henry Ford Hospital, Detroit. 
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Fig. I. Case i. Result obtained following suture of fle.xor tendon of the left forefinger at the 

proximal interphalangeal joint. 



Fig. 2. Case ii. End result following repair of all of the fle.xor tendons of the hand. 
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were encountered a little more frequently 
than those of the wrist or fingers, and 
almost two-thirds of the cases involved 
the flexor tendons. 



Fig. 3. \ltthods of tendon suture; a, method recom- 
mended by Koch and Mason; n, Bunnell’s method. 
(After Koch and .Mason.’) 


Table i shows what the patients were 
doing when they sustained the tendon 
injury. The high percentage of industrial 
cases is undoubtedly peculiar to the Henry 
Ford Hospital. The industrial injuries were 
usually of a crushing type, since they were 
caused by falling machinery, the punch 
press, rebore and tool machines. Many 
were complicated by fractures of the 
metacarpais and loss of skin which created 
problems of closure and fixation. Household 
injuries were invariabU- clean lacerations, 
produced by knives, razors, porcelain 
water faucet handies and broken glass. 
The athletic injuries were subcutaneous 
ruptures of various tendons. 

T^ntr i 

TMTS O! INJIHY 



No. 

P.ilicnts 

1 

Per- 

ccniacf 

Indus; ri.il 

62 

53 4 


35 

30 4 

.Autonmijiif 

u 

12 I 

.Atlili'tic 


4 3 


1 iff 

ifxt <1 


Table ii shows the results that were 
obtained when operation was undertaken 
after various periods of time had elapsed. 
It is, of course, difficult to define criteria 
for the classifications of “good, fair, and 
poor.” However, an attempt at classifica- 
tion seems justifiable. The patients with 
“good” results had hands which func- 
tioned adequately with no disability for 
their work. Range of motion in fingers 
was from 75 to 100 per cent of normal. 
Patients with “fair results” had some 
motion in the involved fingers, but this 
motion was short of satisfactory and 
caused some disability. Some of these 
patients were dissatisfied, and would con- 
sent to a second operation if they could 
be promised better function. Others were 
well pleased with the status quo. The 
patients with “poor” results had little 
or no motion in the involved fingers and 
most of the original disability persisted. 


Table ii 

INTERVAL BETWEEN INJCRV AND OI'ERATION (ll’I'Ilt 
E-NTREMITI' only) 


Preopemtive Interv.il 
(Hours) 

Results 

Good j 

f . i „ ! Tot.'.I 

F.nr ) 

( 

1 to 4 33 

1 5 j » ' 


9 to 12 5,9 9 'J 

’ ) 

That the duration of a tendon injury 
preoperatively bears a direct relationship 
to the end result, has been repeatedly 
emphasized. Koch and Mason believe that 
primary repair of flexor tendons of the 
hand should not be attempted more than 
four hours after an injury. It is possible to 
delay longer in the case of extensor 
tendons, and O’Shea- sets his limit at eight 
hours. Table ii shows the rcmarf:abl> 
better prognosis with early operation, 
within four hours, and the inadvisabilitv 
of operative intervention after eight hour'-. 

Table iii shows again the well fnown 
fact, that the more distal the cut in the 
tendon the worse the prognosis. The 
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results from the suturing of tendons 
within the finger is especially challenging; 
and when such an injury is encountered, 
the best hand surgeon available should 
be enlisted to do the operation. Indeed, 
the suturing of a flexor tendon any- 
where in the hand or wrist is a major 
procedure, requiring specialized technic 
and aptitude, comparable to that possessed 
by ophthalmic and brain surgeons. 

TaHI-H Til 

lU'.Sl l.TS wnil I-LI-XOR TENDON'S I.N THREE LOC.ATIONS 

! Results 

I .ocation of Injurv i i ; ' Tf>t I 

Good i Fair . Poor ' ‘ 

, I j ' Cases 


W'ri.st I 14 i 4 I 2 I 20 

I land . 7 i <) I > I 21 

Fincer i 2 ; 5 j 12 , 19 


Table iv shows that it is a difl'erent story 
when one is dealing with tendons on the 
dorsum of the hand, i.e., the extensors. 
The tendons may be united by any one 
of a number of difl'erent methods. The loose 
skin and areolar tissue of the back of the 
hand permits motion in the presence of 
adhesions and such adhesions almost al- 
ways disappear in a year or two. 

T MILE IV 

RESVl.'IS WITH UNTI.NSOR -n'-NIXINS IN THREE LOC.ATIONS 


Results 


I >>c.ttion ijf Injury 

Good 


Poor 

: Total 

WriM 

5 

•i = ’ 

3 

' 0 

, 5 

Hand 

..! 13 , 



■y ^ 

I' inner 


4 

0 

' 14 


Infcclum. Infection of the wound fol- 
hnving tendon suture about the hand is 
a dreaded complication. The incidence of 
inlection reported by various authors has 
been rather high. \\ ith improved technic 
and the use ol local chemotherapy, a 
reduction in the rate of infection is to be 
expect ctl. In Buxton’s* series, approxi- 
mately I5 per cent were infected. O’Shea 
ropi'rted an incidence of approximately 


13.3 per cent; infection was six times more 
frequent when catgut rather than silk 
was used in the suture (one hundred 
thirteen cases in the series). In the series 
of Eisberg and Sonnenschein," there were 
seven infections in fifty-eight cases, or 
12.1 per cent approximately. In our series 
of 1 16 cases, eleven cases became grossly 
infected, requiring surgical drainage of 
suppuration, hot compresses and other 
surgical attention. Twenty other cases did 
not heal by primary intention, there being 
superficial infection of the skin margins. 
The noninfected cases gave six times as 
many good results as poor, while the 
infected cases gave twice as many poor 
results as good. 

Since 1930, silk has been the only suture 
material to be used in tendon surgery 
in the Henry Ford Hospital. Previously, 
some cases were done with catgut. Com- 
parison of the cases done with the two 
suture materials shows that good results 
were 40 per cent more frequent when silk 
was employed. It could not be demon- 
strated that the type of anesthesia or the 
clean-up method affected the incidence of 
infection or the end results. Local and 
general anesthetics were used with equal 
frequency. 

Tendons of the Foot. These injuries 
included lacerations of- the tibialis anticus 
tendon, the achilles tendon and the flexors 
and extensors of the toes. In eleven 
cases, there were ten good results. These 
tendons appear to be much easier to deal 
with than those of the hand. 

RECOMMENDED PROCEDURE FOR TE.VDON 
SUTURE IN THE H.AND 

There is nothing original in the operative 
procedure about to be described. It is 
essentially the procedure which Koch 
and Mason have presented many times. 
The matter of the time interval has 
already been discussed. Operation should 
be done within a four-hour period, other- 
wise the wound had better be sutured 
and the tendon repaired several weeks 
later. A painstaking examination of the 
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hand to determine the total extent of 
tendon and nerve injuries before beginning 
the operation is stressed. Such a painstak- 
ing examination will take less than five 
minutes if one is familiar with the anatomy*. 
The hand is washed with tincture of green 
soap and copious amounts of water for 
ten to fifteen minutes. The nails are 
carefully cleaned. The wound itself is 
irrigated with a liter of saline solution. 

The operation is done in a regular 
operating room, with two assistants for 
the surgeon, and an instrument nurse, 
preferably one who is familiar with the 
operation of tendon suture. General anes- 
thesia is usually preferred, but local 
anesthesia may be emploj’ed. Both of the 
cases reported in this paper were done 
under local anesthesia. A blood pressure 
cuff is used for a tourniquet, in cases in 
which a general anesthetic is given, thus 
giving a bloodless field for exploration. 
The pressure is released every half hour 
for a short interval. 

Needless to say, the operation should 
be carried out with meticulous attention 
to the details of atraumatic surgery which 
have been emphasized bj- writers on this 
subject and other aspects of wound healing. 
One should use sharp dissection when 
possible. Tissues should be handled with 
extreme care. Hemostats should grasp 
a minimum amount of tissue, and they 
should be replaced b}’ a tie of fine silk 
cut short. 

For the suturing of the tendon itself, 
we prefer the method described by Koch 
and Mason, as illustrated in Figure 3. 
In the diagram, this may not look as effec- 
tive as the method of Bunnell, since there 
is more suture material outside the tendon. 
However, it is easier to apply, and our 
recent experience is tending to show that 
it gives the best results. The ends of 
the tendons are caught with Allis clamps, 
crushing as little tissue as possible. The 
ends are matched up, and while the tendons 
are steadied with the clamp, the main 
suture is placed, usually with a small 
curved cutting needle. No. i braided 
silk is used for this suture. As soon as each 


suture is placed, the part of the tendon 
crushed by the clamp is cut away with a 
brisk stroke of a sharp scalpel, leaving a 
clean transverse surface for approximation. 
The corresponding ends are firmly approxi- 
mated by tying the appropriate tension 
sutures, after which several interrupted 
sutures of No. 00 fine silk are placed to 
complete the repair. 

Little can be accomplished in trying 
to close tendon sheaths. The less silk is 
left buried, the better. The skin is closed 
with interrupted sutures of medium silk. 
The hand is splinted in a position of com- 
plete relaxation for the tendons involved, 
but motion is encouraged and insisted 
upon after two days. The period of 
hospitalization varies from none to ten 
days. Some cases with injuries to extensor 
tendons are not kept in the hospital after 
suture. Patients who have had suture of 
the flexor tendons remain in the hospital 
about a week, after which they are seen 
in the outpatient department at two-day 
intervals. It has been assumed that healing 
is fairly complete at six weeks. 

SUMMARY 

1. One hundred five tendon injuries 
of the hand and wrist and eleven tendon 
injuries of the foot have been analyzed 
for factors bearing on the end results. 

2. The importance of early operation, 
avoidance of infection and the use of silk 
as the suture material has been demon- 
strated again. 

3. The difficulties involved in suturing 
flexor tendons, especially those of the 
fingers, have been stressed. 

4. Two cases are reported in detail. 

5. A summary of the procedure recom- 
mended for tendon suture is presented. 
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LEUKOCYTE EXHAUSTION IN INTESTINAL OBSTRUCTION* 


Franklin I. Harris, m.d. and 

Senior Associate Chief Surgeon, Mount Zion Hospital 
SAN FRANCISCO, CALIFORNIA 

L eukopenia has long been known 
as a constant accompaniment of 
certain disease processes and as the 
result of numerous forms of poisoning, i.e., 
benzol, arsphenamine, radium, etc. Drugs 
such as sulfanilamide and sulfapj-ridine 
have left in their wake isolated instances 
of marked depression of the bone marrow 
and numerous hemopoietic disorders dis- 
play a considerable thinning of the leuko- 
cytic stream. The appearance of leukopenia 
following the release of an intestinal 
obstruction is an observation which has 
not been previously noted or reported as 
one of the findings in the course of a recti- 
fied obstruction. It is the purpose of this 
paper to present a series of cases in which 
there occurred a marked lowering of the 
leukocyte level following the release or 
removal of the bowel obstruction. In the 
literature blood chemistry studies have 
been reported frequently from patients 
who present either a mechanical or a 
paralytic type of ileus, but accurate 
hemograms have not been reported on such 
patients in the early postoperative period 
when a fall in leukocytes may manifest 
itself. 

Ordinarily, an Initial count of the white 
blood cells is done on the patient’s admis- 
sion to the hospital as a diagnostic proce- 
dure, but rarely are the hematologic studies 
continued or repeated following either 
medical or surgical treatment, as it has 
been believed most likely that additional 
blood examinations are unnecessary as a 
factor in therapy, apart from their value 
in complications. Thus the possibility of 
disclosing a leukopenic state is usually 
missed and such a hematologic condition 
goes undiscovered. 


Captain Jean Spencer Feldheym, m.d. 

Station Hospital 

FORT LEWIS, WASHINGTON 

In numerous case compilations and 
collected series the leukocytic changes 
which we are about to describe, has gone 
completely undetected. Wangensteen^ in 
his monograph states that “Little specific 
help in the diagnosis of obstruction is 
obtained in general laborator}^ procedures. 
When vomiting has been a prominent 
feature, concentration of the blood occurs 
and increased values for hemoglobin, red 
cells, and leukocytes maj' be found.” 
And again, “occasionally, leukoc^'tosis 
may be absent altogether in infection and 
leukocytosis is usual following trauma, 
after hemorrhage and processes which 
cause severe dehydration.” No mention 
is made in the work of the state of the blood 
in this particular regard at the time of the 
release of the obstruction. 

Vidgoff- states that in 266 cases of 
obstruction leukopenia was the “rule” 
because of the marked toxemia. However, 
his average count was 7,900 with 79 per 
cent polymorphonuclears, coursing as high 
as 28,000 in some instances. These counts 
were all preoperative. Russel® believes 
that blood studies reveal leukopenias 
in this condition, but this is given as a 
diagnostic aid onl}' without subsequent 
leukocyte counts being made. Watson and 
Sargeant^ discuss a well known fact, the 
low leukocyte count in pyogenic infections, 
appendicitis being one, and offer the 
possibilit}’ of the marked sepsis as the cause 
of the depletion of the white cells through 
repeated call of cells to the infected focus 
at a rate faster than their production by 
the bone marrow, a fact indicative of a very 
poor prognosis. 

Cornell'’ in a series of 235 cases at the 
New York Hospital found the average 
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white cell count to be 15,445 with 80 
per cent polymorphonuclear forms in in- 
testinal obstruction. These counts also were 
preoperative counts. Rentschler® claims 
that in 100 cases cited, a normal leukocytic 
picture is seen depending upon the extent 
of the dehydration secondar}'^ to the 
vomiting. Of the series of Workman and 
Miller,' the white cells averaged 11,388 
in thirty cases of simple obstruction and 
12,886 in twenty-eight cases of obstruction 
with strangulation. In the Cook County 
Hospital compilation of Fey and Cubbins,® 
all of the 241 cases demonstrated a definite 
leukocytosis ranging from 10,000 to 20,000. 
However, in all the above quoted reports 
the counts appear to be preoperative 
counts. 

We are presenting a series of ten cases 
of small bowel obstruction in which daily 
white blood counts were made following 
operation and in all of which was noted a 
marked leukopenia in the immediate post- 
operative period of from one to seven days. 
This leukopenia was not associated with 
surgical sepsis nor did it indicate neces- 
sarily a fatal prognosis as six out of these 
ten patients recovered. Although these 
ten cases are selected from a total of 185 
cases of Intestinal obstruction encountered 
in an eight-j^ear period, they represent 
the onty cases in the total group in which 
dally white blood counts were done in the 
immediate postoperative period. We, there- 
fore, believe that this leukopenia would 
be more often noted in any large series of 
cases of obstruction if daily postoperative 
hemograms were made. 

The clinical pictures of all of these 
patients were well marked examples of 
mechanical bowel obstruction, usuallj’ of 
the small bowel. The initial leukoc3'^te 
count in all except Case vii was not greatlj' 
removed from the accepted normal for 
this condition, ranging from 6,800 white 
blood cells per cubic millimeter to 14,400. 
From the first to the fifth postoperative 
days following the removal of the obstruc- 
tive lesion, a decisive drop from the total 
leukocj'te count was noted, the extreme 


low of 1,950 white blood cells being seen in 
Case II. A similar decrease in the differ- 
ential polymorphonuclear count to lower 
levels during the postoperative course of 
the disease was a common characteristic 
with a relative leukocj’-tosis and a moderate 
neutrophilic shift to the left. That a severe 
mjfelotoxic reaction was absent is e^•i- 
denced bj”^ the lack of appearance of 
immature cells such as m3'eloc3^es in the 
stained smears. A few brief summaries of 
characteristic cases will be presented. 
Table i shows the complete series. 

TVPICAL CASE REPORTS 

Case ni. A. R., a fortj'-five j^ear old female, 
had an appendectomy eleven j-ears prior to 
entr3^ A week before admission to the hospital 
she complained of intermittent pains in the 
right lower quadrant, eventuallj’^ presenting a 
large irregular palpable mass in the lower 
abdomen which suggested an obstructed small 
bon’d. Flat films showed a bowel obstruction 
with the obstruction apparentb"^ involving 
multiple loops of small bowel throughout the 
abdomen. The preoperative white count was 
not unusual, being 11,750. At operation a large 
amount of brown fluid escaped on incising the 
peritoneum and multiple loops of distended 
blue-black small bowel were found. There was 
a complete volvulus of the root of the mesentery 
of the ileum producing a 180 degree twist. At 
the point of fixation was a thick band extending 
from the right side of the mesentery to the 
ileocecal region, probably representing adhe- 
sions from the site of the previous appendec- 
tomy. A second band was seen on the left 
connecting the parietal peritoneum and the 
mesenteric surface of a loop of small bon el. 
The bands were severed, the volvulus untwisted 
and the raw surfaces on the small 
peritonealized. The patient was returned to bed 
in good condition. 

From the preoperative count of i i,75t> "’itf/ 
72 per cent polymorphonuclear forms, 24 per 

cent lymphocy’tes and a filamcnt-non-lilament 

ratio of 86:14, the count dropped the daj' fol- 
lowing surgery to 2,700 with a differentia 

count of 26:63 and a filament-non-fdament 

ratio of 25:75. The patient maintained a con- 
sistent low level between 2,500 and 4,000 unti 
the sixth postoperative day when a return o 
5,500 leukocytes with 50 per cent granulocytes. 
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40 per cent lymphocytes and 50 per cent fila- 
mented forms were noted. The leukocyte level 
remained fairly high for tiie duration of the 
reniaindcr of the convalescence and she made 
an uneventful recovery being discharged on the 
twenty-fifth postoperative day. 

Remarks. This case of severe intestinal 
obstruction involving the small bowel 
showed this unusual postoperative leuko- 
cyte exhaustion characterized bv a marked 
drop in the leukocytes following correction 
of the volvulus and the release of all 
points of obstruction. During this period 
of time her clinical course was essentially 
uneventful and in no way alarming. 
Her recovery was complete. 

Case iv. W. M., a twenty-five year old male 
who had an appendectomy thirteen years 
previously, entered the hospital complaining 
of cramp-like abdominal pain, followed by- 
nausea, A'omiting, distention and diarrhea of 
iust a few hours’ duration. The pain soon 
localized itself in the right lower quadrant. 

Examination of the abdomen showed slight 
distention and moderate tenderness through- 
out, with marked pain and tenderness in the 
right lower quadrant. Percussion note was 
tympanitic and the patient presented evidence 
of hypohydration. Temperature 37.5°, pulse 
100, respirations 22. Leukocytes totaled 14,500 
with So per cent polymorphonuclcars. 

At operation the residue of an old adhesive 
peritonitis was found. In the right lower quad- 
rant a torsion of the small bowel was discovered 
and freed with some difficulty. An entero- 
enterostomy was done about the site of the 
torsion. The patient’s course was complicated 
only by a transitory gastric dilatation, in the 
first three days, otherwise his convalescence 
was uneventful and he made a complete 
recovery. 

On the first postoperative day there was a 
rise to 23,400 but by the fifth postoperative day 
the leukocyte count dropped to 5,000 and the 
following d.ay was recorded at 4.S00 wth 63 per 
cent polymorphonuclcars, showing a definite 
shift to the left to ~ iilamented cells and 56 
nonfilamcntcd forms. On the eighth day after 
surgery the count had risen to 1 1.300 with a 
filarnent-non-fil.amcnt tabulation of 26:3". and 
remained normal until discharge on the 
sixteenth m^stoperative day. 


Remarks. This case showed an unusual 
drop of over 18,600 cells in the course of 
six days to a very low level of 4,800. 

Case viii. R. S., a thirty-two year old 
female, had an appendectomy for subacute 
appendicitis six months prior to entry to the 
hospital. Three days before admission the 
patient noticed some lower abdominal pain, not 
severe at first, but eventually forcing bed rest; 
she became nauseated and the pain radiated to 
the left lower quadrant. On examination there 
was moderate distention noted over the entire 
abdomen, and extreme tenderness to pressure 
was elicited in the left lower quadrant with less 
tenderness about the old right lower quadrant 
healed incisional scar. Flat .Y-ra\' films showed a 
definite small bowel mechanical obstruction. 

At operation 750 cc. of a clear fluid were 
removed from the peritoneal cavity. The small 
bowel was dilated and stair-stepped in position. 
There was a band found coursing between the 
ascending colon and terminal ileum, and at- 
taching to the mesentery of the terminal ileum 
causing a constricting obstruction. Two other 
areas of the ileum were found adherent by 
adhesive bands to the ileocecal junction. These 
bands were severed and the patient returned to 
bed in good condition. Her postoperative course 
was uneventful; she made a very satisfactory 
convalescence but the Iicmograms were of 
unusual interest. On the first, second and third 
days after surgery the white count dropped to 
levels of 5,100 and 3,700; with characteristic 
changes in the filamented forms. On the fifth 
postoperative day a rise to 4,400 was noted 
and on the seventh day it was decided to gix e 
the patient 500 cc. of blood to see whether this 
could effect the hemogram. The patient, how- 
ever, was doing well. Following the transfusion 
there was a definite rise in the leukocx-te level 
to essentially normal levels as seen in Tabic 1. 

Remarks. The patient exhibited a mod- 
erately advanced mechanical bowel ob- 
struction. Although she had a satisfactory 
clinical course following the release of her 
obstruction, the hemogram showed the 
characteristics of leukopenia which we are 
describing. 

Case X. G. B., age twenty-four, entered 
Mount Zion Hospital on October 14, 1940. 
He gave a typical history of lower abdominal 
pain characteristic of an attack of acute ap- 
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TABLE I 


Case No. 

Sex 

Arc 

Dinunosis 

Postopcrativ'c 

Day 

Leuko- 

cytes 

Ncutro- 

philcs 

Lympho- 

cytes 

Fila- 

mented 

Nonfila- 

mented 

Results 

(. R. S. 

F 

4 'r 

1 ntesiina! ohstruciion; car- 

Prcopcraiiv'c 

8,500 

79 

i6 



Died 




cinoma of colon; postop- 

Fourth 

2,600 

67 

25 







crativc adhesions. 

Fifth 

7,600 

72 

21 

*5 

57 


II. B. N 

F 

3^ 

Intestinal obstruction; 

Prcopcr.itiv'c 

14.400 

84 

16 



Died 




ruptured ectopic prep- 

First 

13.100 

93 

7 







nanci*. 

Third 

1 .950 

O5 

32 








Third 

2,550 

67 

a6 








Fifth 

4.300 

44 

45 




III. A. R 

F 

45 

Intestinal obstruction; vol- 

Prcoper-itiv'c 

1 * .750 

72 

24 

86 

14 

Recovered 




villus; adhesions 

First 

2.-00 

63 

26 

25 







Second 

3.62J 

66 

30 

14 

86 






Third 

2.500 

-0 

2- 

32 

68 






Fourth 

2.750 

70 

20 

43 

57 






Fifth 

5.100 

56 

40 

50 

50 






Sixth 

8,900 

79 

,8 

46 

1 54 






Seventh to 

Over 










twenty-fifth 

1 2 , 500 




f 


IV. W. M. 

M 


1 ntesti nal obstruction; 

Preoperalivc 

1 4 , 500 

82 

18 



Recov cred 




postoperative adhesions 

First 

23.400 

8j 

7 








Third 

10,000 

■*4 

21 








Fifth 

5.000 

63 

24 

1 1 

I 32 






Sixth 

4.800 

63 

22 

- 

56 






Scv'cnth 

7.500 

65 

20 

16 

48 






Eighth 

1 1 , 300 

63 

26 

26 







Ninth to 

Over 










sixteenth 

1 2 . 500 






V A C 

li 

32 

Intestinal obstruction; in- 

Preoperative 

10.000 

"9 

*5 

"O 

30 

Recov ered 


■ 


tcrnal hernia 

First 

I 2 . 200 

65 

33 

50 

50 
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pendicltis of a weeks’ duration. He had taken 
purgatives. 

Examination on admission to the hospital 
showed a board-like rigidity of the abdomen, 
temperature, IeukocjU;e count 15,000, 

and 91 per cent polymorphonuclears. A pre- 
operative diagnosis of a perforated appendix 
u'as made with probable abscess formation. 

At operation there was found a completely 
perforated appendix which was enclosed in the 
omentum and contained a large abscess. There 
was a moderate amount of peritonitic reaction 
between the loops of the small bowel but the 
picture was more that of a local peritonitis, 
rather than that of a spreading peritonitis. 
The patient was returned to bed in good 
condition. 

On the second day postoperative^^ the white 
count dropped to 6,600 with 86 per cent poly- 
morphonuclears but nothing was particularly 
thought of this count at the time as the patient 
generally was doing well. His abdomen was not 
distended and he was passing small amounts of 
gas. However, on the third postoperative day 
his white count was down to 4,100 with 86 per 
cent polymorphonuclears and it was thought 
advisable to order a fiat plate of his abdomen. 
He was not nauseated, nor had he vomited. 
The flat plate showed a definite small bowel 
obstruction in the ileocecal region with multiple 
dilated loops of small bowel. A Miller-Abbot 
tube was passed on this patient and after eight 
days of treatment with the Miller-Abbot tube, 
a check-up .v-ray showed complete disappear- 
ance of the small bowel obstruction. The blood 
count as seen from the chart showed a moderate 
leukopenia during this period of time and by 
the time the patient had recovered from evi- 
dence of his bowel obstruction on the eleventh 
day his blood count was up to an essentially 
normal white count. It is of interest to note that 
on the thirty-first day postoperatively, the 
patient developed a temperature and a leuko- 
cytosis when evidence was found of a cul-de-sac 
abscess which was incised and drained through 
the rectum. 

Remarks. This case illustrates the pos- 
sible diagnostic value of this leukocyte 
exhaustion picture. Its appearance on 
the third and fourth postoperative days 
with no other evidence of bowel obstruction 
nor any evidence of a spreading peritonitis, 
suggested the possibility that he might 


have a partial small bowel obstruction 
so that flat plates of his abdomen were 
ordered which definitely showed a mechan- 
ical obstruction of his small bowel. Treat- 
ment with the Miller-Abbot tube relieved 
this completely. It is also of interest to 
note that his leukocytic exhaustion was 
not a permanent condition as the patient 
was able to develop a real leukocytosis 
when he developed the late complication 
of a cul-de-sac abscess. 

The entire series of ten cases is shown in 
detail in Table 1, the details of the mono- 
cyte, eosinophiles and basophilic tabulation 
have been omitted as there was nothing 
of unusual note detected. 

DISCUSSION 

That a definite lethal toxin is produced 
in a loop of obstructed small bowel is 
today a generally accepted fact. It is our 
belief that the preoperative distention 
of the obstructed loops compress the 
capillary circulation so that absorption 
from the obstructed loops of the toxin is 
minimal. The operative release of the 
obstructed loops apparently permits of 
drainage into better functioning loops of 
bowel and more rapid systemic absorption 
in the immediate postoperative period. 
This thesis would explain the leukocytic ex- 
haustion seen in the postoperative period. 
An occasional case in which the leukopenia 
is noted preoperatively can be explained on 
the basis of an incomplete obstruction 
allowing some drainage from the partially 
obstructed loops into the nonqbstructed 
loops, thereby permitting a certain amount 
of absorption of this toxin which has a 
depressing effect on the bone marrow. 

We believe that the production of 
leukopenia as has herein been noted is 
part of the reaction of the patient to the 
sudden release of the toxic products. 
Peculiarly a definite paralysis of the bone 
marroNv ensues so that the normal leuko- 
cytes are prevented from entering the 
peripheral circulation simply by repression 
of leukopoiesis. That a marrow reaction 
of this type is encountered is evidenced 
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not only by the leukocj'tic drop but also 
by a shift to the left in the filament-non- 
filament ratio. That the myeloid response 
is not too severe is demonstrated by there 
being no outpouring of any myelocytes 
or other immature forms in the primitive 
leukoc^^tic series. 

The paresis of the bone marrow b^’’ this 
or these toxins of intestinal obstruction 
following their release systemically may 
be moderately severe, however, as shown 
by the low point of the leukopenia, to wit, 
1,950 white blood cells on the third post- 
operative day in Case 11. Yet the severity 
of the reaction is not necessarily Indicative 
of a fatal prognosis. The fact that this 
change in the hemogram appears immedi- 
ateljf postoperatively and persists for a 
few days does not infer that a fatality will 
result, as a majority of the patients sur- 
vived. Furthermore, they survived without 
coursing through a stormy postoperative 
period. These patients were not acutely 
ill, and at no time demonstrated anj' 
additional morbidity over the usual ac- 
companiments of the disease when cor- 
rected surgically. The four deaths in the 
series resulted from the primary lesion in 
each specific case and not from the 
“leukocyte exhaustion.” 

The phrase, “leukocyte exhaustion,” 
has been aptly applied by Van Duyn® 
to that state of the white cells existing 
in a progressive down-hill course following 
operation. Van Duyn found a leukopenia 
associated with a normal differential count 
and a rnarked shift to the left of the 
neutrophiles. This type of hemogram is 
indicative, he believes, of a marked strain 
on the leukopoietic powers of the patient, 
and in some instances where a leukopenic 
state exists prior to surgery, that it infers 
a “low leukocyte reserve.” 

Such a point was noted in Case vi, 
where preoperatively the patient presented 
a total leukocyte count of 3,400 with 85 
per cent polymorphonuclears and a fila- 
ment-non-filament ratio of 30:70. It is 
difficult to imagine a change in the patient’s 
myeloid status in the short period prior to 


the onset of this condition, sufficient to 
cause such a diminution of leukocytes. 
It is believed, preferably, that a partial 
obstruction must exist, without complete 
occlusion, permitting partial absorption 
of the toxin of obstruction into the general 
circulation, producing a lowered leukocyte 
level prior to a total release of the intestinal 
block b3f surgical means. 

The demands made on the bone marrow 
at this time of need are great, and this is 
evidenced bj' the marked proliferation of 
j'oung forms or nonfilamented pol3TOorpho- 
nuclears seen in the shift to the left of that 
count. The toxic reaction of the marrow 
is not sufficient!}' severe as to cause the 
deliver}' of damaged leukocytes with un- 
usual morphology. All the leukocytes seen 
were normal forms but few in number. 
Van Duyn did note this “leukopoietic 
breakdown ” in two cases in which paralytic 
type of abdominal distention was present. 

The present series of cases presenting 
leukopenia were not complicated by 
severe state of sepsis such as those cases 
described by Van Duyn and other writers 
in which the leukopenia indicate usually 
a fatal prognosis. In this series the post- 
operative course appears to be uninfluenced 
by the changes in the blood count and the 
majority of patients recovered without 
any clinical evidence of severe toxemia. 
No attempt was made in the present series 
to influence by some form of specific 
therapy the leukocyte count. 

Therapy of such a condition as post- 
operative leukopenia has been attempted, 
particularly by Richmond,^® who discussed 
a patient with an apparently normal 
leukocyte reserve who in the course of an 
abdominal infection developed a severe 
leukopenia with an associated drop in the 
granulocytes. As myelopoiesis is stimulated 
by the nucleotides, replacement therapy 
was attempted by Richmond in this case 
in which the normal stimulus had been 
damaged. A substance prepared by hy- 
drolysis of yeast nuclei, called adenine 
sulfate, was given and effected myelo- 
blastic activity favorably. 
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One quotjons the need f'f any specific 
theranv in view of the short duration 
fd the Inv.ered pranidocytic state and the 
eventual excelienl recovery in mo-.! of the 
case-. No s[)ccific therapy seems indicated 
as the leukopenia is only a symptom. The 
toxin of intestinal obstruction must he 
triMted rather than the leukopenia. 

rhe status of the leukocyte picture m 
intestinal obstruction can be detennined 
ver\ e.-'siix and any chanpc in the white 
cill reserxc anticipated through frequent 
anc! careful blood determinatimis clone 
liiniuuhout tlie course of the disease. 
Daily counts of the total number of white 
cells and the makinp of difi'crential smears 
are urtic'd in order to establish the etiolopy 
of any unusual event in the patient’s 
l><»stopcrative course in tiie livatmcnt of 
intestinal obstruction. By so doing, it is 
hojied that sonic light may he shed on the 
nature of the toxin or suij.stanee responsible 
for the toxemia of bowel obstruction.' 
'rhe exact status of the myelotoxic reaction 
<u- myeloid hypoplasia was not known in 
<nir cases liut could probably easily be 
determined by bone marniw biopsies. 
It is our liojie that in the future an oppor- 
tunity will present itself to perform some 
bone marrow biopsies on these postopera- 
tive inte.stinal olistruction cases. 

SVMMAUV 

I. The occurrence of leukopenia in the 
immediate pitstoperniivc period following 
the release of intestinal obstruction and 
unrelated to .any surgical sepsis is reported 
for the first lime. 

liiis leukopenia does not necexssarilv 
indicate a fatal prognosis nr .a severe 
poet opor.it ivc c'oin>e. 


3- The mechanism of sucii a leukopenia 
is explained on the basis of the systemic 
.absorption of the toxin of intestinal 
obstruction producing a temporary lione 
marrow paresis. 

4. it is belicve-d such a Icukopcni.i is 
not a r.arity and will be found frequentl> 
if routine blond counts .are taken daily 
in tlie immedi.ate {x»stoper.ative pcriini of 
eases of operative intestinal olist ruction. 

5. The presence of leukopenia of this 
type may occasionally gixe diagnostic 
value in early incomplete small bowel 
oljst ruction. 

6. Treatment should be clireetccl at the 
elimination of the toxin of intestinal 
obstruction rather than specific therapy 
to raise the leukocytic level. 
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MALIGNANT ARGENTAFFINE TUMORS OF THE APPENDIX* 


Eari- O. Latimi’-r, m.d. 

CHICAGO. JU-INOI.S 


A RGLN [ AM'INE tumors of the j'as- 
/“"A trointc-stinai tract arc hccoming of 
incre.asing interest because of the 
number that arc found to be malignant. 
While malignancy among argentalline tu- 
mors of the appendix is extremely rare, it 
docs occur, and every argentaHine tumor is 
potentially malignant. 

Merling' (1838) is generally supposed to 
be the first to describe a tumor <»f the 
appendix; Sellinger,- ho\\e\'er, (s of the 
opinion that a true tumor of this organ was 
not described until 1SS2 when Berger 
reported his case. 

All tumors of the ap[)endix |)rior to 190" 
were called carcinomas. In that year 
Oberndorfer’ described a group of tumors 
peculiar to the gastrointestinal tract and 
most common in the appendix. He con- 
cluded that these tumors were always 
benign, were slow of growth and were 
harmless. Oberndorfer called these tumors 
“carcinoids” because of their histologic 
resemblance to carcinomas. He stated that 
these “carcinoid” tumors arc located in the 
submucosa, may invade the mucosa, but 
the muscularis and mucosa arc always 
intact. He was the first to note the chro- 
maffin nature of the tumor cells but did not 
establish the origin of the parent cells. 

Several theories of origin of the tumor 
cells were advanced. Bunting^ considered 
them analogous to Krompechcr’s basal 
cell carcinoma of the skin. Trappe’’ believed 
the so-called “carcinoids” and adeno- 
myomas of the bowel arose from pancreatic 
rests which are fairly common in the 
gastrointestinal tract. Tonniessen® was of 
the opinion that they originated from 
epithelial rests in the gastrointestinal tract. 

In 1897, Kultschitzky" described a pecul- 
iar cell in the mucosa of the gastrointestinal 


iracl. I his cell was most common in the 
appendix and was of decreasing frequency 
as the distance from the appendix in- 
creased. It was extremely rare in the colon. 
Schmidt' /1905) observed the chromaflin 
characteristics of certain cells of the bowel 
mucos.i and suggested the jjossibility of 
these being the same type of cells described 
by Kultschitzky. Huebschmann^ fiQio) 
advanced the theory that these chromaflin 
cells gave rise to the “carcinoid” tumor of 
the gastrointestinal tract. It remained for 
Cosset and .Masson'" to demonstrate the 
silver staining granules in these tumor 
cells, whence the name “argentalline” or 
“chromargentafline” tumors. Lewis and 
Geschicter" classified these tumors as 
paragangliomas, supporting the work of 
.Masson.'* 

As to the frequency of the argentaflinc 
tumors of the appendix, Elting,' in 1903, 
could find only twenty three eases. Jack- 
son'" collected 3i~ cases from the literature 
up to 1923, which number was increased to 
322 cases by 1934. To date over 400 cases 
have been reported. It is probably true 
that many more cases arc not reported 
than reported, since 0.2 to 0.5 per cent of 
all appendices removed at operation con- 
tain argentaflinc tumors. 

CLINICAL FINDINGS 

Argentaffinc tumors of the gastrointesti- 
nal tract as a rule do not produce symptoms 
unless obstruction of the bowel lumen 
occurs. A few have metastasized to the 
regional mesenteric lymph-nodes and liA'er, 
giving symptoms characteristic of other 
malignancies of the gastrointestinal tract. 
On the other hand argentaflinc tumors of 
the appendix are frequently discovered 
earlier not because of any characteristic 
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symptoms but because of symptoms refer- bright yellow. Sometimes there are multi- 
able to the appendix. The symptoms are pie tumors. 

usually those attributed to so-called chronic On rare occasions the tumor metasta- 



Fig. I. Photomicrograph of Case i showing large groups of tumor cells in the muscle 
layer of the appendix extending to the serosa. 


appendicitis, the most frequent symptom 
being dull pain in the right lower abdominal 
quadrant. The symptoms may be more 
acute with sharp pain, nausea and yomit- 
ing — the neurogenic appendix of Masson. 
Acute appendicitis may be superimposed 
giying rise to symptoms of acute inflamma- 
tory process. 

GROSS PATHOLOGY 

Argentafiine tumors of the appendix are 
usually located in the distal third of the 
organ. It is a nodule in the submucosa. 
While the lumen appears to be obliterated, 
the mucosa, in reality, is lifted up and is 
pressed against the mucosa of the opposite 
wall. The lesion ayerages from 0.5 to i.o 
cm. in diameter but in rare instances is 
large enough to be palpated through the 
intact abdominal wall. The serosa of the 
appendix is, as a rule, normal. The tumor 
may be yellow in color and its cut surface is 


sizes into the regional lymph-nodes, and 
distant metastasis may occur in the liver. 
The tumor may invade the mesoappendix 
by direct extension. Bailey^^ states that the 
metastases occur characteristically outside 
the lymph-nodes and smaller groups of 
actively proliferating cells invade the 
nodes. Raiford^® believes the metastatic 
cells enter the lymph-nodes by way of the 
lymphatics causing a profuse fibrosis which 
destroys and replaces the lymphoid tissue. 

MICROSCOPIC PATHOLOGY 

Raiford^® has given an excellent descrip- 
tion of the microscopic anatomy of the 
argentaffme tumors. The tumor cell nests 
are usually separated by dense connective 
tissue but may be packed closely together. 
A false capsule is formed by the smooth 
muscle fibers of the bowel wall. These mus- 
cle fibers are frequently invaded by tumor 
cells. The cells have distinct nuclei but the 
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cytoplasm is indistinct. Smaller cell groups 
may be arranged in rosettes. The cells arc 
columnar in shape, have distinct cell 


The didiculty in determining the inci- 
dence of malignant lesions is due in part to 
the hesitancy of some pathologists to call 



Fio. 2. PiiotomicroRr.iph of Case 11 showing I.argc tumor masses in the muscle 
w.all. Note the difference in staining quality of tlic tumor cells in certain 


groups. 


borders and resemble neuroblastomas. The 
cells contain silver staining granules which 
are easily demonstrated by proper staining 
technic. Bailc}’*^ found clastic tissue in great 
abundance in these tumors, whether benign 
or malignant. Mitotic figures while present 
are not abundant. The histologic picture is 
characteristic but if doubt exists silver 
stains will confirm the diagnosis. 

MAUGNANXY 

While metastases are not the rule they 
do occur. The tumor may invade adjacent 
tissues by direct extension. Lewis and 
Geschicter” state that 20 per cent of the 
argentaffine tumors become malignant. 
Malignancy of argentaffine tumors of the 
appendix is less frequent. 


an argentafline tumor malignant unless the 
regional Ij’mph-nodes or the liver are 
invaded. Some authors do not classify 
argentaffine tumors malignant when they 
have invaded the mesoappendix but have 
not extended to the regional lymph-nodes. 
Raiford’*' considers the degree of malig- 
nancy to increase as the distance of the 
lesion from the appendix increases. 

That argentaffine tumors of the ap- 
pendix are less often malignant than similar 
lesions located elsewhere in the gastro- 
intestinal tract is due to the earlier removal 
because of positive symptoms necessitating 
surgical inter\'ention. Bailey'“ collected 
seven cases of malignancy of argentaffine 
tumors of the appendix from the literature. 
He considered malignant a similar lesion of 
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the ileum that had extended into the the ileum because of an argentafFine tumor, 
adjacent mesenterj’, avliile Forbus^' did not He died fifteen years later of an entirely 
consider as malignant two tumors of the unrelated condition. At the postmortem 



Fig. 3. Photomicrograph of Case m showing the muscle wall of the appendix invaded 
by tumor cells. Note the cord-like arrangement of the cells in the lower half of 
the picture. 


appendix that had extended into the 
mesentery. The total number of malignant 
carcinoids of the appendix reported in the 
literature is fourteen.^®’*® Three new cases 
are added in the present report. The total 
number of malignant argentaftinomas of 
the entire gastrointestinal tract and gall- 
bladder reported amounts to seventy-three. 

It is generally agreed that all argentaf- 
fine tumors are potentially malignant. 
However, most of them are of low grade 
malignancy and require a long time to 
metastasize. They will break through the 
bowel structure and infiltrate the adjacent 
mesentery or may become implanted as 
“kissing” metastases. From this local 
invasion the tumor cells may metastasize 
to the lymph-nodes or beyond. 

Even the metastatic cells maj' be of a 
very slow and relatively benign type as 
illustrated by a case reported by Mallory^ 
from the Massachusetts General Hospital. 
The patient had a resection of a portion of 


examination a retroperitoneal lymph-node 
was found that contained argentaffine 
tumor cells. The metastasis had occurred 
at least fifteen years before death but had 
not spread beyond that single retroperi- 
toneal lymph-node. 

The author has recently removed two 
argentaffine tumors of the appendix which 
he considered malignant. One extended into 
the adjacent mesoappendix, the other was 
attached to the brim of the pelvis where the 
appendix was lying adjacent to this struc- 
ture. A third case is briefly reported here. 
This latter case is to be reported in detail 
later. 

CASE REPORTS 

Case i. A white male, thirty-eight years of 
age, presented himself on July 31, 1938, be- 
cause of acute colicky abdominal pains of 
seventeen hours’ duration. The history’ was 
suggestive of acute appendicitis but there was 
no nausea, vomiting or change of bowel habit. 
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The patient was well developed and well 
nourished. His temperature by mouth was 
ioo.6°f. There was tenderness on pressure and 
slight protective rigidity in the right lower 
quadrant of the abdomen. Marked rebound 
tenderness was present in this area. Rovsing’s 
sign was positive. The erythrocyte count was 
5,170,000, hemoglobin 16.7 Gm. (99 per cent 
Newcomer), The white blood count was 1 1,600 
with 86 per cent polj’morphonuclear neutro- 
phils. An acutely inflamed appendix was 
removed through a muscle splitting incision. 

The pathologist’s macroscopic report was 
as follows: The appendix measured 8 by to 
1 3 'i cm. The serosa was dull and hyperemic in 
the distal half. The distal one-fourth of the 
appendix was markedly distended. In this por- 
tion of the lumen there was a ver\' hard fecalith. 
Distal to the fecalith the wall of the appendix 
was very thick and edematous. Portions of this 
wall appeared to be necrotic. 

Microscopically, the portion of the appendix 
wall which appeared to be thickened by fibrosis 
was infiltrated by tumor tissue, ^^’ithin the 
lumen of the appendix were groups of rounded 
or oval cells which were not very large or 
chroriiatic. These groups of cells were separated 
bj' narrow strands of connective tissue. The 
individual cells were uniform in size and mitotic 
figures were quite rare. There was a gradual 
transition from the above described cells to 
cells of the same size but which were more 
chromatic, growing in narrow spindle-shaped 
groups, invading the muscle wall and the meso- 
appendix. Mitotic figures were more numerous 
among these cells. There was necrosis of the 
appendiceal mucosa adjacent to the tumor 
tissue and the lumen was filled with necrotic 
tissue and pus cells. At one point there was 
necrosis of the tumor tissue. 

Diagnosis: Acute appendicitis superimposed 
on a malignant argentaffine tumor of the ap- 
pendix. 

This patient is still well after removal of the 
iesion. Frequent examinations have not re- 
vealed any evidence of recurrence, even though 
it was not certain that all of the tumor tissue 
was removed from the mesoappendix. 

Case ii. An apathetic white male, twenty- 
one years of age, was admitted to the Wesley 
Memorial Hospital May 22, 1939. His com- 
plaints were nausea and fullness in the epi- 
gastrium after meals for a duration of two 
years. For the past four years he had had 


repeated attacks of acute abdominal pains with 
fever, nausea and vomiting that had been 
diagnosed by his family physician as acute 
appendicitis. The last such attack was five 
weeks previous to admission to the hospital. 
Several gastrointestinal studies had failed to 
reveal any abdominal pathological condition. 
Because of self-imposed dietarj' regulations, 
the patient had lost over forty pounds. The 
blood and urine findings were within normal 
limits. 

At the time of the operation the stomach and 
duodenum were found normal. The gallbladder 
Avas covered with omentum which was lightly 
attached by fibrous adhesions. The gallbladder 
wall was thin and blue and the gallbladder was 
easily emptied b}' pressure. The appendix Avas 
normal in the proximal two-thirds but the 
distal third was enlarged, thickened and firmh* 
attached to the brim of the pelvis by granula- 
tion tissue and fibrous tissue. The appendix 
was freed with difficultj’ and removed. There 
were no enlarged regional lymph-nodes either 
in the mesoappendix or mesentery of the 
terminal ileum. 

The pathological report Avas as folloAA's: The 
appendix Avas 7 by 0.75 cm. The Avail Avas fairly 
uniform in thickness except in the distal i cm. 
The tip Avas thickened and sections made bj' 
cutting Avere slightly yelloAv in color. 

Microscopicallj', sections through the thick- 
ened distal portion of the appendix shoAved 
replacement of most of the submucosa by 
groups of tumor cells. The tumor cells were 
fairly uniform in size and shape and Avere not 
A-ery chromatic although the cells contained 
more than the usual amount of chromatin that 
is found in the strictly benign carcinoid. The 
groups of cells A^aried much in size and could be 
found in all laj'ers of the AA-all including the 
serosa. Hjqjeremic granulation tissue AA-as pres- 
ent about the groups of tumor cells and a 
moderate small round cell infiltration Avas 
present in all laj'ers of the Avail of the distal 
portion of the appendix. A fcAv mitotic figures 
AA-ere present. The mesoappendix did not 
contain tumor cells. The inv^asion of the Avail 
Avith scattered small groups of cells Avhich Avere 
slightly more chromatic than normal for car- 
cinoids strongly suggested malignancy. 

Diagnosis: Malignant argentaffine tumor of 
the A’ermiform appendix. 

Discussion of Case II. Since the serosa 
AA-as inv-aded by tumor cells at a point 
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corresponding to the attachment of the 
tip of the appendix to the pelvic brim, one 
must conclude that tumor cells were im- 
planted in the peritoneum at this point of 
attachment. 

One year after operation a thorough 
gastrointestinal examination failed to dem- 
onstrate any lesion of the bowel. As a 
prophylactic measure high voltage deep 
.v-ray therapy has been used on this patient. 

Case in. This patient was operated upon 
by Doctor R. N, Bills and the specimen was 
examined by Doctor E. R. Strauser, of the 
Wesley Memorial Hospital and is reported here 
through their courtesy. A wliite woman (Mrs. 
F. B.), sixty-three years of age, was admitted 
to the Methodist Hospital, Gari', Indiana, 
because of acute symptoms referable to the 
right lower abdominal quadrant. There was 
marked tenderness and rebound tenderness 
over McBurney’s point. The erjn;hrocyte count 
was 5,230,000, hemoglobin 13.4 Gm. (92 per 
cent), white blood count 20,300 with 90 per 
cent polymorphnuclear leukocj'tes. At opera- 
tion, November 3, 1939, a fibrotic appendix 
was removed. 

The gross pathology revealed the appendix 
to be 6 by to H cm. with an irregularly 
thickened wall. The wall was fibrotic, especially 
the distal portion. The distal portion of the 
lumen was obliterated. 

Microscopically, the lumen of the distal 
portion of the appendix was completely ob- 
literated by tumor growth which was composed 
of small alveolar and tubular units. There were 
no sharp cj-toplasmic limits of the tumor cells 
but apparently the cells were of the low col- 
umnar or cuboidal type. Only a few of the tubu- 
lar or alveolar structures had lumen. This may 
be due to the fact that they were filled with 
material with staining properties similar to the 
cj*toplasm. The tumor cells were only moder- 
ately chromatic but some had distinct nucleoli 
and there were a few mitotic figures. Extending 
through the muscle wall and serosa were small 
spindle-shaped groups of deeply stained cells 
which tended to split muscle bundles and in 
places were associated with the same type of 
cell as those in the lumen. This growth in 
the muscle wall and serosa had very much the 
appearance of a scirrhous carcinoma with the 
muscle tissue taking the place of fibrous stroma. 
Only a small segment of muscle wall was with- 


out this tumor tissue. Tumor cells had invaded 
the mesoappendix. 

Diagnosis: Malignant argentaffine tumor of 
the appendix. 

MANAGEMENT OF ARGENTAFFINE TUMORS 

Whether benign or malignant, argentaf- 
fme tumors should be surgically excised. 
These tumors when located in the stomach 
or bowel should be excised along with 
adjacent bowel and mesentery. If metas- 
tases to regional Ijmiph-nodes are present, 
these should be removed if possible. 

Simple appendectomy tvill suffice in 
almost all cases of argentaffine tumors of 
this organ. In fact the diagnosis usually is 
not made until the microscopic examina- 
tion is made. In cases in which a nodule is 
felt in the wall of the appendix, the organ 
should be cut through in this area; and if 
yellow tissue is present, the mesoappendix 
and mesentery of the terminal ileum should 
be closel}" searched for visible or palpable 
lymph-nodes. If any are found, they should 
be removed. Also if the diagnosis of 
argentaffine tumor is made during the 
. course of an appendectomy, a liberal por- 
tion of the mesoappendix should be re- 
moved if possible. 

Leaving an involved lymph-node is not 
necessarily fatal as illustrated b^- Mallor^^’s 
case,"® yet incomplete removal of malignant 
lesions or metastases may be responsible 
for recurrence. 

CONCLUSIONS 

1. Carcinoid or argentaffine tumors 
of the gastrointestinal tract originate 
from argentaffine cells described by Kult- 
schitzky.^ These cells are believed to be 
related to the chromaffin system. 

2. Argentaffine tumors occur most often 
in the appendix but may occur in the stom- 
ach, small bowel, Meckel’s diverticulum, 
colon and gallbladder. 

3. Argentaffine tumors are present in 
0.2 to 0.5 per cent of all appendices re- 
moved surgically. 

4. While the lesion is most frequent in 
the appendix only seventeen of the seventy- 
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six malignant argcntadine tumors, includ- 
ing three cases here reported, occurred In 
the appendix. 

5. Argentafline tumors of the appendix 
are less frequently malignant because they 
produce clinical symptoms and are re- 
moved earlier than similar lesions elsewhere 
in the gastrointestinal tract. All argentaf- 
fime tumors are potentially malignant. 

6. Three new cases of malignant ar- 
gentailinc tumors of the appendix are 
reported. 

7. Surgical removal is the treatment of 
choice of all argentafline tumors. 
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operable cases ;it Bellevue. Stated anotliei 
way, a case admiltcd to Post-Graduate 
Ilosi)ital with a diai^nosis of cancer of the 
stomach liad one chance in four for resect- 
ability. If operable his chances were one 
in three. 
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Palliative operations arc listed in Table 
IV. All those who survived their operation 
and left the hospital were classed as im- 
proved, though one might well question 
the meaning of the word “improved” in 
gastric cancer which is found to be 
resectable. 

DIAGNOSIS 

Age and Sex. There were 145 males and 
fifty-seven females, a ratio of about three 
to one; the ma)ority occurred between the 
ages of forty-one and seventy. There were 
twenty-nine cases between the ages of 
twenty and forty years. 

Symplomatology. While pain, weight 
loss, nausea and vomiting were most com- 
monly presenting symptoms, they differed 


.somewhat from those at Bellevue. In the 
latter series, nausea and vomiting were not 
as common, while other more advanced 
.signs such as weakness, cache.via and 
jaundice were found much more fre- 
c|uently. .Anore.via, considered usually as a 
cfunmon earl\ symptom, w.is a complaint 
in 31." per cent tif our cases. What con- 
stituted the true early symptoms and found 
uniformly predating the tabulated find- 
ings, v.ere increasing heartburn, epigastric 
“distress," eructations, and other similar 


vague eom])laintv. A mass < 

considered 

often .a hopeless .sign, was felt 

in forty- 

three cases. ^Table v.) 
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Duration of Symptoms. There was 

no 

direct relationship between 

duration 

of 


complaints and operability or resectability. 
There was a higher percentage of resectable 
cases in the group having symptoms for six 
months to three years than the group hav- 
ing symptoms for one to six months. 
(Tabic VI.) This finding was also present in 
the Bellevue series and is probably related 
to type and grade of gastric cancer. 

Relation to Peptic Ulcer. In our series 
there were twelve cases in which co-exist- 
ing ulcer and tumor were diagnosed by 
.x-ray, while eight cases gave a past history 
of perforation, hemorrhage, or previous 
roentgenological diagnosis of ulcer. What 
is more interesting was an unqualified 
pathological diagnosis in five cases of 
“carcinoma following ulcer.” The latter 
condition has been discussed by many 
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others"'' and its authenticity is at best, 
difTicult to prove. 


Tabu; vi 

Uri.NTION' or OPnKADILITi’ AND RESECTABILITi' TO 
dcratios of symptoms 


Duration 

i ! i 

jNum-j Non- 1 

! her { operable ! 

( 1 1 

Oper- 

able 

Resec- 

tion 

Less tlian i niontli, . 

1 

; 1 
! ” i 

1 

4 

1 5 

2 

1 to 3 months 

! 33 1 

4 i 

1 22 

7 

3 to 6 months 


17 

i 24 

! 7 

6 to 12 montiis 

! 48 1 

It 1 

25 i 

12 

1 to 2 Years 

i i 

5 i 

i 9 j 

lO 

2 to 3 Years 

1 ! 

2 , 

' ^ t 

5 

3 to 3 Years 

6 

1 1 

! 2 i 

3 

3 to 10 Years 

5 1 


4 

! 

Over to Years 

3 j 


I 


Unknown 

i 6 i 

i 1 

I 

4 

I 

Tot.nl 

toG 1 

45 1 

1 

1 loi 

i 

50 

1 


Gastric Analysis. Forty-four cases were 
tested for free hydrochloric and total acid 
and six others for free hydrochloric acid 
only. There were eighteen cases with 
normal or high free hydrochloric acid of 
which two had an associated ulcer. (Table 

VIII.) 


Table vm 
GASTRIC ANALYSIS 


1 ! 

j None 

1 

Low 1 N 

High 

Tot.nl 

Tree liydrochloric 

1 1 



acid 30 

1 2 1 9 j 

9 

50 

Total acid 

21 115-1 

8 [ 

44 


Biood I . . j . . i . I 23 

1 I 


DISCUSSION 


X-ray Diagnosis. A gastrointestinal 
series was performed in 122 cases. It is to 
the credit of our .v-ray department that in 
116 of these cases a correct diagnosis of 
neoplasm was made. Three cases were 
diagnosed as “ulcer,” two others as “extra 
gastric tumors,” and one was reported 
“negative.” Following laparotomy these 
six cases proved to be gastric cancer. 
Forty-nine of the cases were located in the 
pylorus while thirty -six were so extensive 
as to be listed under “multiple sites,” 
meaning more than one anatomical sub- 
division of the stomach. (Table vii.) 

Table vu 

LOCATION BY X-RAY 

Site Number 

Esopliagus. . . . .... .... 2 

Cardia ^ 

I'undus 

6 

Lesser cur\-:iturc S 

Media ,o 

Greater curvature i 


P\Iorus 

Provima! h.alf. . 

Dist.al lialf 

lintire stomach 


Multiple sites 

1 16 


The comparison proved interesting in 
that it bore out your original impression 
that selectivity played a great part in 
determining' the outlook in gastric cancer 
patients. At the Post-Graduate Hospital, 
where the economic level of clinic patients 
is definite!}' higher than that of Bellevue 
patients, there was already a marked 
increase in the number of operable and 
resectable cases. And with the improve- 
ment in present day preoperati\'e and post- 
operative care as well as operative technic, 
the prognosis should improve. A real 
problem is that of early diagnosis, and 
.v-ray e.xaminations and gastroscopy are 
essential for what one might call “the 
prodomal symptoms,” such as increasing 
heartburn or epigastric distress in an adult 
regardless of age if the early diagnosis is to 
be made. With a diagnosis of gastric cancer, 
surgery, if at all possible, should be per- 
formed. The patient with a mass in the 
abdomen clinically, or an extensive lesion 
roentgengraphically, may prove to be 
much easier to resect than the one with a 
small lesion at the cardia. Striking an 
optimistic note in gastric malignancy are 
occasional reports of long standing cures 
following surgery. The ten- and fifteen-year 
cures following subtotal resections should 
be reviewed by a group of pathologists in 
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nrclci U) remove any question of doubt as t<i 
tile diajtnosis- in view of the ficneraliy 
pour results from a follow-up of gastric 
carcinoma. 

r.osci.i-’sioNs. 

1. Operability and iesectabilit\ in {gas- 
tric cancer are {treatly inlluenced by selec- 
tion of cases. Comjiarison of Bellevue with 
New ^‘urk Post-Graduate cases illustrates 
this well. 

2 . OperabilitN and resectability in {tas- 
tric cancer are not directly related to dura- 
tit)n of symiitoms. At Bellevue and New 
'I'ork Post-Gradu;ite Hospitals there was a 
higher jH'rcentage of resectable eases in the 
group ha\ ing symptoms for si\ months to 
three \ears than in the grou|) having symp- 
toms for one to six months. 

3 . Qireful .x-ray examination and gas- 
troscopy are the most dependable means of 
diagnosis at the present time. 


Gastric Ciincer 

Surgery oders the only hope of cure in 
gastric cancer, d'h.at the patient with a 
short history has no better chance of a cure 
than the one with a long history presents a 
real enigma. Increased knowledge of causa- 
tive factors, type and grade of cancer may 
solve this problem. .Meanwhile, progre.ss 
must remain in the direction of bringing 
more p.itients to surgery w henever possible. 
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A METHOD TO PREVENT FRESH COSTAL CARTILAGE 

GRAFTS FROM WARPING* 

Gordon B. New, m.d. and John B. Erich, m.d. 

ROCHESTER, MINNESOTA 


AN innate quality of freshly removed 
costal cartilage is its tendency 
to undergo distortion by warping. 
From the viewpoint of plastic surgery*, 
this attribute is most objectionable. When 
fresh costal cartilage is employed as an 
implant to correct a facial defect such as a 
receding chin, a saddle-back deformity of 
the nose, or a flattened cheek of traumatic 
origin, it is most disconcerting and not 
unusual to discover postoperatively that 
the graft has curled to such an extent as to 
interfere with the desired cosmetic result. 
It is regrettable that this tissue, which 
lends itself so perfectly to both autogenous 
and homogenous transplantation, which 
withstands infection so satisfactorily, and 
which may be cut to any desired contour 
with ease and accuracy, should possess 
the undesirable tendency to warp. 

However, a method has been evolved 
by which the physical nature of fresh 
cartilage may be rapidly altered; there- 
after, unless the cartilage has been obtained 
from a very young person and has been 
cut to a feather edge, any inclination to 
bend which it might have possessed will 
no longer exist. The surgeon may then 
proceed to cut and shape the cartilage 
with no fear of the occurrence of subse- 
quent distortion. 

Of inestimable value is the discovery 
made in recent years that cartilage can 
be transplanted successfully from one 
individual to another, and that it may 
be preserved for an indefinite period in 
aqueous antiseptic solutions maintained 
at icebox temperatures. These facts, as 
appliwl to plastic surgical procedures, 
permit utilization of cartilage obtained 
under sterile conditions at necropsy. As 


is well known, preserved cartilage when 
cut retains its shape because it has under- 
gone a spontaneous process of fixation 
which has destroyed its elasticity. Although 
it is true that we have employed implants 
obtained at necropsy with much success 
in a large series of cases, it always has 
been our opinion that the use of fresh, 
autogenous, cartilage grafts is preferable 
to the aforementioned procedure. Conse- 
quently, for several 3*ears we have sought 
some means by which fresh cartilage could 
be prevented from warping. 

The one factor which elTectually con- 
tributed to the end which we sought 
was a suggestion offered by Dr. J. W. 
Kernohan of the Sections on Surgical 
Pathology and Pathologic Anatomy. Since 
steaming quickly produces fixation of 
small bits of tissue to be subjected to 
microscopic examination. Dr. Kernohan 
proposed that the process of boiling might 
accomplish with rapidity the desired fixa- 
tion of costal cartilage, and might thereby 
avert the tendency of such cartilage to 
undergo subsequent distortion. Although 
the results of the experimentation which 
was prompted by this suggestion differed 
from our expectations, they constituted 
a foundation for the method which we now 
empio}' and which, without exception, we 
have found to be completely satisfactory. 

Although boiling does bring about fixa- 
tion of fresh cartilage, it also produces 
multiple ruptures in the cartilaginous 
matrix; this action causes deep external 
cracks and induces an extreme degree of 
curling which frequently renders the tissue 
useless as an implant. It was found later, 
however, that the undesirable effects of 
boiling could be entirely avoided if the 
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solution in which the cartilage was im- 
mersed never was permitted to reach the 
boiling point. The procedure can be carried 



Fig. I. A piece of fresh costiii cartilage being 
heated to overcome its tendency to ^^arp. 

out most easily by placing the piece of 
cartilage in a test tube containing water 
or, preferably, aqueous sodium ethyl mer- 
curithiosalicylate (merthiolate) ; the tube 
is then inserted upright in a beaker con- 
taining boiling water. Although in time 
the solution within the test tube will 
become hot, it will be physically impossible 
for it to boil if this method is followed. 
To be exact, the solution will remain 3 
or 4°c. below the boiling point of water. 
Cartilage so heated will warp very little 
if at all, unless two or more pieces are 
introduced into the same tube; if this is 
done, the fragments tend to become 
moulded together and undergo more or 
less distortion. It has been discovered, 
further, that the cartilage which has been 
subjected to the aforementioned heating 
process will undergo on cooling a certain 
amount of warping. Consequently, it is 
of the utmost importance that heated 
cartilage be allowed to cool before it is cut 
to the desired shape. It is well to mention 
here that if the end of a cartilaginous 
implant is trimmed to a feather edge, a 
tendency for such an extremeh" thin margin 


to curl slightly may be encountered, 
whether or not the cartilage previously 
has been heated. However, such curling 



Fig. 2 . The cartilaginous portion of the right 
seventh and eighth ribs is exposed through a 
transverse incision in the skin. Grafts may be 
prepared most easily from costal cartilage 
when the entire thickness of the rib is removed 
subperichondrialiy. 

may be remedied easily by cutting awa}' 
that portion of the fine edge which is bent. 

As a result of the foregoing experimental 
work the following technic for heating and 
cooling cartilage has been evolved, the 
purpose of which is to nullify any inclina- 
tion of a finished implant to warp. After 
a full-thickness section of cartilage has been 
obtained from one of the patient’s ribs, 
the piece is introduced into a sterile test 
tube into which is poured sufficient solution 
of aqueous sodium ethyl mercurithio- 
salic^date (merthiolate) completely to cover 
the fragment of cartilage. The tube then 
is placed in a beaker of water which is 
allowed to boll for ten minutes. (Fig. i.) 
Although not essential, it is advisable 
that the bottom of the beaker be covered 
with sex'^eral layers of gauze. When the 
cartilage is removed from the test tube, 
it is immersed, as a final step, in cold 
sterile physiologic solution of sodium 
chloride for at least fifteen minutes. 
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In the performance of any plastic proce- for reception of the implant by the time 
dure in which a cartilage implant is used, the treated cartilage has been made 
the aforementioned technic for the prepara- available for cutting and proper shaping. 


. «i 



Fig. 3. a. Lateral preoperative view and b, postoperative view of a patient ^^ith 
nasal defect which was corrected by the use of a fresh autogenous implant of 
costal cartilage. Warping of the graft was obviated by heating and cooling the 
cartifage before it was cut to the desired shape. 



Fig. 4. a. Frontal preoperative view and b, postoperative view of the patient 

in Figure 3. 




tion of this tissue need neither consume 
additional time during the operation nor 
demand extra work on the part of the 
surgeon. After a section of cartilage has 
been obtained from a rib, the surgeon may 
proceed immediately to the preparation 
of the operative field of the facial defect, 
while a nurse heats and chills the cartilage 
and the assistant surgeon closes the incision 
in the thoracic wall. With few exceptions, 
the defect of the face can be fully prepared 


Some surgeons have voiced objections 
to excision of costal cartilage for use in 
cosmetic operations, but we have encoun- 
tered no complications or ill effects second- 
ary to the removal of costal cartilage for 
such purposes. Naturally, the selection 
of ribs from which such cartilage is to be 
taken is of considerable importance. We 
never attempt to remove cartilage from the 
left side of the thoracic wall, and on the 
right side we prefer to obtain cartilage 
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from the seventh rib. An oblique incision 
in the skin extending from the center 
of the sternum just above the xyphoid 
process to the lower border of the 
thoracic cage in the region of the right 
midclavicular line will produce exceOent 
exposure. When the attachments of the 
pectoralis major and the oblique and rectus 
abdominis muscles are severed, the carti- 
laginous portion of the right sixth and 
seventh ribs (which unite anteriorly with 
the sternum) and the cartilaginous part 
of the eighth rib (which joins the costal 
cartilage of the seventh rib) are effectively 
uncovered. (Fig. 2.) In the majority of 
instances, the cartilage of the seventh 
rib is least difficult to procure and it 
supplies an amount of material which is 
adequate for the average implant. We 
always take the full thickness of a rib, 
the section of which is removed sub- 
perichondrially. If a large graft is required, 
cartilage from the sixth rib may be used 
as well. A fine columella, which is essential 
to the correction of certain nasal deformi- 
ties, can be constructed from the narrow 
cartilaginous portion of the eighth rib. 


Incidentally, unused pieces of cartilage 
should not be discarded; instead, they may 
be preserved in an aqueous antiseptic 
solution in an icebox. This stored material 
is extremely valuable for use in individuals 
who have a large defect, such as loss of 
considerable bone in the frontal region, a 
circumstance in which the maximal amount 
of cartilage that could be obtained from 
the patient would be insufficient fully to 
correct the deformity. 

In conclusion, we would like to reassert 
that in our experience none of the cartilage 
implants which have been treated by our 
method of heating and cooling, as has been 
described, have undergone the slightest 
amount of distortion postoperatively. It 
is our hope that those surgeons who 
employ fresh, autogenous, cartilage trans- 
plants in the correction of facial defects 
will find that this method affords the high 
degree of satisfaction which we have 
experienced, a satisfaction based on the 
assurance that the desired cosmetic result 
will not be altered by a failure of the 
implant to retain its proper contour. 
(Figs. 3 and 4.) 



SURGICAL TECHNIC FOR REMOVAL OF SOLITARY 
DESTRUCTIVE NEOPLASTIC LESIONS OF THE CRANIUM* 

James L. Poppen, m.d. 

Department of Neurosurgcrj', The Lahey Clinic 
BOSTON, MASSACHUSETTS 


S OLITARY destructive neoplastic le- 
sions of the calvarium may present a 
problem both as to diagnosis and 
removal. The diagnosis is not considered 
here. 

Roentgenograms were not conclusive in 

o o 

two of the four patients treated surgically. 
That examination of a specimen taken at 
biopsy is not always infallible was demon- 
strated in one patient in whom the tumor 
was believed to be an angioblastic menin- 
gioma, but after removal of the entire 
tumor en masse it was found to be meta- 
static, ’probably renal in origin. Since biopsy 
is not always correct and therefore does not 
settle the problem of removal of the local 
tumor, and since the latter is associated 
with various discomforts, it seems reason- 
able to advise complete extirpation by the 
method to be described. Granting, of 
course, that no primary growth elsewhere 
or other possible metastases can be found, 
roentgen treatment has been disappointing 
because the patients are very unhappy with 
most of their hair out, and in two of our 
patients roentgen treatment served only to 
show the protrusion more clearly, whereas 
previously it was covered with hair. It is a 
fallacy that blood supply is cut down 
sufficiently by roentgen treatment to make 
a difference in blood loss at the time of 
operation except in the scalp where a rich 
blood supply is desirable and should never 
cause technical difficulties. 

The underlying principles of the technic 
are those used in the removal of meningi- 
omas. However, in meningiomas only a 
small amount of bone has to be discarded 
and the tumor usually covers much more 
surface of the brain than the involved bone. 


In the localized destructive lesions of the 
bone the tumor is no larger than the in- 
volved bone. In order to carry out complete 
extirpation, the technical steps must be 
followed carefully in sequence if the proce- 
dure is to be executed in an orderly and 
relatively simple manner. 

A "U” shaped incision is made suffi- 
ciently large to allow 3 or 4 cm. of a normal 
edge of bone to be uncovered surrounding 
the tumor. (Fig. la.) The scalp is reflected, 
taking considerable care to stay in the line 
of cleavage between the galea and peri- 
osteum. (Fig. I b.) The periosteum forms an 
excellent barrier since in none of the 
patients had the tumor grown through it 
even though tumor tissue had invaded it. 
If the periosteum is not allowed to remain 
undisturbed over the tumor, liquefied and 
necrotic portions escape and troublesome 
bleeding from the bone takes place. Also, 
tumor cells may be transplanted. After the 
scalp has been adequatel}' reflected an 
incision is made through the periosteum 
well away from the tumor edge but com- 
pletelj' encircling it. (Fig. 16 and c.) The 
periosteum is then stripped awa}' from the 
normal bone toward the edge of the tumor. 
In this way enough normal bone is un- 
covered so that a trough about the width 
of the usual burr openings can be made 
surrounding the entire tumor mass. (Fig. 
20.) A strip of normal dura about i cm. in 
width will lie uncovered at the bottom of 
the trough. (Fig. 20.) Bleeding from the 
bone edges must be controlled with wax. In 
a dry field the dura is incised, the medial 
edges are grasped with curved hemostats 
and gentle traction exerted. (Fig. 30.) As 
the incision in the dura lengthens, the 


* Read before the meeting of the Harvey Cushing Society, Kansas City, Missouri, May 4, 1940. 
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Fig. I. a. Outline of incision showing generous margin around tumor-involved 
bone; b, demonstrates the line of cleavage which must be kept intact between 
periosteum and galea; c, scalp reflected leaving periosteum intact over tumor 
mass. 



Fig 2, a, The periosteum is reflected up to tumor-in% oh ed bone and a channel cut 
through bone sufFicicntly nide to allow the dura to be incised as shown in b b. Dura 
incised showing flattened cortex but not insoKed with tumor 
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Fig. 3. a, the medial edge of the dura is grasped with hemostats and 
a gentle pull demonstrates the tumor edge w hich has depressed the 
cortex; h, elevation of tumor from its nest in the cortex. 



Fig. 4. Side x-iew (a) and inferior surface (6) of meningioma removed 
en masse showing intracranial, cranial and extracranial extensions 
of tumor. 



Fig. 5. Metastatic carcinoma of skull showing (a) extracranial, (fc) cranial and (c) intracranial 
extensions; b, dura and intracranial portion of tumor; c, sagittal section of metastatic tumor 
mass 
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tumor gradually tilts from the nest that it 
has made in the cortex. (Fig, 3b.) If the 
tumor has not grown tiirough the dura, it 



Fin. 6. Dnml defect covered with f.isci.nl tr.'in.'!- 
plant. 


readily Is lifted from the cortex and perhaps 
only one or two cortical veins which enter 
need be occluded with the electrocoagula- 
tion and divided. However, if it has grown 
through the dura as in a meningioma, a few 
arteries will be encountered as well as the 
veins, and considerable care must be 
exercised in brushing the cortex from the 
tumor edge as traction is exerted on the 
dural edge. As the tumor is slowly tilted 
from its base the vessels can be readily 
occluded and divided. Photographs of 
specimens removed are shown in Figures 4 
and 5. 

After the entire mass has been removed, 
the dural edge remaining may be sutured 


to the periosteum avoiding chances of a 
postopera tiv’c clot. If the tumor is near the 
sagittal sinus and over the rolandic vein, it 
is unwise to suture the dural margin to the 
periosteum since it may occlude the chan- 
nels in the dura by which rolandic venous 
blood enters, often causing sufiicient stag- 
nation for thrombosis to take place. This 
occurred in one of our cases. 

If the tumor is definitely metastatic there 
is some question as to the wisdom of 
performing a plastic operation at the time 
the tumor is removed and the dural defect 
is repaired with a hyer of fascia. (Fig, 6.) 
However, if a nonirritating substance such 
as a thin vitallium plate is at hand,itcan be 
firmly anchored in place. If the tumor is a 
meningioma, a bone graft is probably 
advisable unless vitallium proves to be as 
satisfactory in the skull as in other bones of 
the body. Unfortunately, I have not used 
it but expect to have as nearly the e.vact 
size and shape necessary to cover a defect 
as can be determined at hand in the future. 
Its advantages, of course, are its lightness 
of weight, strength and elimination of any 
necessity of obtaining bone from other 
sources or from the immediate vicinity of 
the skull. The latter necessarily would in- 
crease the blood loss and time of operation. 

SUMXIARY 

A method is demonstrated that allows 
complete extirpation en masse of a single 
solitary, destructive lesion of the skull, 
including extracranial and intracranial 
local e.xtensions. This procedure has been 
carried out in four cases, with excellent 
technical results. 



SUPPRESSION OF LACTATION BY STILBESTROL* 


Oscar H. Bloom, m.d. 

BROOKLYN, NEW YORK 


E strone and estrone-Iike substances 
are assuming an ever increasing role 
in the suppression and inhibition 
of lactation. Out of the welter of contro- 
versial reports by clinical and laboratory 
investigators,- the rationale for this type 
of therapy seems to be based on the 
physiologic suppression of the anterior 
pituitary, with the resulting inhibition in 
the production of the lactogenic hormone, 
various^ designated as prolactin,^ mam- 
motropin® and galactin." Maj’or,® Ramos 
and Colombo,'* and a host of others 
obtained gratifying results with the natu- 
ral estrogenes. 

Dihydroxydiethyl stilbene, commonly 
called stilbestrol, possesses the same phar- 
macologic activity as natural estrogenes 
although chemicalR unrelated. Because of 
its marked therapeutic efficacy by oral 
administration, its use is enhanced in the 
inhibition of lactation. This is evidenced 
by an ever growing number of reports in 
both American and foreign journals. Of 
still greater importance is its apparent 
freedom from toxic effects on the par- 
turient. Greenhill,*® believes this to be 
due to a special tolerance possessed by the 
postpartum patient. 

Obviously, there are numerous occa- 
sions when the suppression of lactation 
becomes a necessity. The indications are 
not only those relating to postpartum 
maternal morbidities, but, in this stream- 
line age, the physician is often compelled 
by the patient to institute such measures 
because of economic and social reasons. In 
this series of cases, forty or about 37 per 
cent demanded such therapy, whereas 
twenty-six or 23.6 per cent were actually 
due to maternal debilities. 


ANALYSIS OF I 10 CASES 

A'lethod. The greater number, in this 
series, were private patients under the 
supervision of their own phj'^sicians. The 
administration of stilbestrol was under 
the care of our supervisor of nurses, who 
allotted the drug to the patients at the 
request of the attending physician. A record 
of each case was kept on each individual 
chart as long as the patient was in the 
hospital. Reactions were carefully watched 
for and recorded b3'^ the nurse in charge 
on each floor. The following table outlines 
the indications for the suppression of 


lactation. 

Table i 

A. Maternal Debilit}' Due to: 

1. Postpartum hemorrhage 2 

2. Anemia due to placenta previa i 

3. Secondarj" anemia 1 

4. Bronchial asthma i 

5. Postpartum infection i 

6. Cardiac disease 3 

7. Acute mastitis 2 

8. Toxemia 9 

9. Following cesarean section 4 

10. Postpartum psychosis i 

11. Previous mastitis i 26 

B. Refusal to Nurse for Social or Economic 

Reasons 40 

C. Inverted, Tender or Fissured Nipples 24 

D. Fetal Causes: 

1. Still'births and neonatal deaths 10 

2. Unable to nurse (immaturity) 10 20 


1 10 

Following the dosage suggested by 
Muckle,“ stilbestrol was administered 
orall}^ in tablets of 5 mg. three times a 
daj’’ for two daj^s or a total of 30 mg. to 
the first 103 patients. The next seven 
patients were given 45 mg. at the same 
rate of 15 mg. per da3^ It is noteworthj- 
that no other adjunct therapy' was used; 
no restriction of fluids, no tight breast 


* From the Obstetrical and Gynecological Service of the Beth-EI Hospital, Brooklyn, New York, Dr. A. Koplowitz, 

Director. 
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binders, no massage or stripping of the 
breasts, no atropine, no camphorated oils 
and no saline cathartics, during the admin- 
istration of this drug. 

T.^nl.l; II 

ANAi.vsis or nrsoi.-n. 

Dose: 3<i nig. (13 rng. for two fl/iys) 
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Fortunately, the author was able to 
follow up the entire group of patients, due 
to the co-operation of the attending phy- 
sicians, who kept him informed of the 
progress of each case even after the patient 
had left the hospital. From the above 
analysis, it is obvious that in this series 
there was absolute failure in about 10 per 
cent of the cases. Earl}' in the study, 
several co-operating physicians admin- 
istered magnesium sulfate to six patients 
as adjunct therapy without the knowledge 
of this investigator. Since the outcome of 
the treatment of these six cases is prob- 
lematic without this meddlesome therapy, 
they are included with the absolute 
failures. About one-third of the cases had 
a recurrence of some watery secretion 
approximately seventy-two hours after 
the administration of the last dose. This 
occurrence may be termed pseudolacta- 
tion, for the secretion was watery and dis- 
appeared without any therapj' whatex'er. 

A group of seven patients were given 


45 mg. of stilbestrol in the same dosage 
as above. Although this group is too small 
to permit of an accurate estimate of the 
therapeutic effects of the greater dose, it 
tends to indicate that there is no need for 
any larger dosage. While there were no 
absolute failures in this group, pseudo- 
lactation occurred in about the same 
ratio. In addition, two patients complained 
of severe headaches, which promptly 
yielded to acetyl salicylic acid. Whether 
or not these headaches were due to the 
drug is spcculati\'c. 

One lactating patient developed acute 
mastitis five weeks postpartum. The at- 
tending physician administered 30 mg. of 
stilbestrol. About forty-eight hours after 
its administration, the acute mastitis sub- 
sided, the breasts became dr}' and a pre- 
vious temperature of io4°f. became normal 
with no return of the condition. 

Three other cases not included in this 
study were interesting enough to bear 
description. A cardiac patient was given 
5 mg. about two days after delivery. 
Shortly thereafter she developed dyspnea, 
palpitation and nausea. It was deemed 
advisable to discontinue the drug in spite 
of the fact that the symptoms pointed 
rather to the cardiac condition than to 
the use of the drug. Another patient 
decided to nurse her baby after 13 mg. of 
the drug were given. There was no diminu- 
tion in the quantity of the milk from this 
dose. Another patient with excessive lac- 
tation was gi\'en 14 mg. of stilbestrol to 
diminish the flow of milk In this it was 
entirely successful. 

CONCLUSIONS 

Stilbestrol successfully suppressed lac- 
tation in over 90 per cent of a series of 
no cases. It was found to be safe and easy 
of administration. No other therapy was 
necessary at the same time. 

The author wishes to express his appreciation 
to E. A. H. King, of Crookes Laboratories, Inc. 
for supplying the stilbestrol used in this study. 

The author thanks Miss Edith Miller, r.n., 
Super\’isor of Nurses, for her administration of 
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the stilbestrol and her co-operation in this 
study. 
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The treatment of Hirschsprung’s disease might be summarized by 
pointing out that no one method or combination of methods is uniformlj' 
satisfactory in all patients, and indeed it is almost impossible to obtain a 
complete cure in any of these children. However, this note of pessimism 
must not obscure the fact that close medical supervision, combined with 
one or more of the surgical procedures when specifically indicated, can 
appreciably increase the emptj’ing power of the bowel and can greatly 
improve the general health of the patient. 

From — “Abdominal Surgery of Infancy and Childhood” — by Ladd and 
Gross C\V. B. Saunders Company). 



Use lepofk 


SEGMENTAL ABDOMINAL HETEROTAXY 


SITUS INVERSUS VISCERUM ABDOMINIS PARTIALIS* 


Joseph I. Anton, m.d.. 

Associate Attending Surgeon, Beth-Et Hospital 


Charles E. Panoff, m.d. 

Chief Urologist, Beth-EI Hospital 


AND 

Milton B. Spiegel, m.d. 

Assistant Gynecologist, Beth-El Hospital 
BROOKLYN, NEW YORK 


XAMINATION of the entrails of 
man and beast is a practice old as 
antiquity. It is depicted in ancient 
manuscripts and biblical lore. In Egypt, 
a considerable knowledge of visceral anat- 
omy had been obtained through the 
process of embalming, and the Israelites 
possibl}^ carried with them some of this 
learning. The Bible gives directions for 
the dissection^ of animals slaughtered in 
sacrifice and enumerates the specific ab- 
dominal contents- required for the altar. 
Inspection of the viscera of sacrificed 
animals was a prominent phase of divina- 
tion, or augury. Among the Babylonians, 
soothsaying was concentrated in the liver® 
(hepatoscopy) and is mentioned in the 
Bible"^ wherein all such forms of divinations 
and necromancy are severely condemned.® 
However, the early Romans absorbed 
from the Etruscans a class of soothsayers 
whose art consisted especiallj’^ in deducing 
the will of the gods from the appearance 
presented by the entrails of a slain victim. 
This art of haruspicy became highly 
developed. Its votaries were \"ariably 
known as extispices (inspector of entrails), 
aruspices (entrail obseiA^ers), or haruspices. 
They were held in high esteem at one time 
and Claudius even went so far as to 
establish a “collegium” of haruspices 


presided over b}"^ an Haruspex Maximus® 
with a law of standards regulating their 
prophecies. To please the gods, the victim 
must be without spot or blemish and the 
variable visceral patterns presented the 
omens for interpretation and forecasting. 
In the course of events, it was inevitable 
that bizarre visceral anomalies would be 
noticed, commented upon and recorded. 
Transposition of the viscera may have 
been noted since the time of the ancients, 
evincing, as the case may be, joyous 
portents or grave forebodings. 

Pure situs inversus (mirror-image) re- 
mains merely a medical curiosity except 
when it engenders complications in a 
pathologic process requiring surgical inter- 
ference or when it presents a problem 
inherent to the heterotax3' itself. Situs 
inversus has long since ceased to be re- 
garded as a raritjr. Mass routine examina- 
tions bj- school, insurance, military and 
industrial organizations, coupled with the 
more frequent use of roentgenograph}" and 
fluoroscop}', have uncovered numerous 
benign examples. 

Partial situs inr^ersus raaj- occur in a 
sj'stem, an organ or a viscus. However 
uncommon a pure situs inversus remains, 
it is obvious that a partial heterotaxj’ is 
still more infrequent. Dexicardia represents 



From the Surgic.tl and Urologic Services of Beth-EI Hospital, Brooklyn, New York. 
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the greatest percentage of this type. 
Abnormal position of the intestinal tract 
is the result of some disturbance of migra- 
tion, rotation, descent or fixation during 
the embryonic development of the alimen- 
tary canal. Most of these occur in the 
midgut, malposition of the fore- and hind- 
gut being extremely rare. Dott* states: 
“Error in location or attachment of that 
part of the foregut situated within the 
abdomen (stomach and duodenum down 
to the biliary papilla) is excessively rare.” 
Interest in this phase of the subject was 
stimulated when we presented a case that 
fell into the group of this rare type. 

In former times, when necropsy material 
provided the only means of diagnosing the 
condition, RiseP (1909) reported two cases 
of his own and collected several varieties 
of partial heterotaxy involving different 
segments or group of segments of the body. 
SoIeiP (1936) reviewed the entire subject 
of total and partial heterotaxy, discussing 
and cla.ssifying the various types. The case 
herewith reported falls into his classifica- 
tion of “interversion abdominalc seg- 
mentairc sus-ampulaire (situs inversus 
abdominal partiel),” of which type he 
claims to have collected only four cases. 
Review of his bibliography, however, 
reveals that only two of these cases*®-” 
are similar to ours; the others*--*-' are more 
a torsion of the stomach, or “volvus 
ventriculi” than a true transposition. 
\\’e cannot accept Soleil’s estimation of the 
incidence of this condition, since he failed 
to include Risers'^ collection of several 
cases proved by specific necropsy findings. 

In order to understand better this 
congenital anomaly, we believe it neces- 
sary to review briefly the early embryonic 
development of the intestinal tract, stress- 
ing particularly the foregut. 

Developmental Enihryologx’ of tbe Foregut. 
The embryonic disk, composed of three 
germ layers, primarily lies flat upon 
the yolk sac. The first indication of the 
alimentary tract is the cntodermal vesicle 
of the zygote. By a constriction, the 
vesicle becomes divided into an intra- 


embryonic portion (the future alimentary 
canal and its appendages) and an extra- 
embryonic portion (the yolk sac); the 



Fig. 1. Schematic diagram rc|)rcscnting tlircc stages 
in tlic difTerentiation of the mammalian stomach. 

a. Early undifTcrentiated stage in whicli the 
stomach appears as a tube of uniform caliber; 

b, spindle-shaped gastric dilatation; c, typical 
mammalian eccentric gastric dilatation. (After 
Huntington.) 

intervening constriction is the vitello- 
intestinal duct. As the embryo elongates, 
the alimentary canal takes the form of a 
tube and its subdivisions become apparent. 

The intestine rapidly becomes elongated 
and three regions are recognizable. The 
cephalic portion, extending as far as the 
opening into the yolk sac is called the fore- 
gut. The portion over the opening is the 
midgut. The caudal portion, as far forward 
as the opening into the yolk sac, is the 
hindgiit. In subsequent stages the sub- 
division is based on form, the parts con- 
stituting three distinct loops. It is based 
upon the blood supply; this is distinct 
for each part: the celiac axis, superior 
mesenteric and inferior mesenteric arteries, 
respectively. It is largely applicable to 
function: the foregut, digestive; the mid- 
gut, absorptive; the hundgut, excretory. 
In subsequent stages, the point where the 
liver arises marks the caudal limit of the 
foregut; the left colic flexure marks the 
cephalic limit of the hindgut. In the mean- 
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time, the midgut grows longer, while entrance at the cephalic end of the organ, 
the communication with the yolk sac while the pyloric transition occupies the 
has become relatively much smaller and distal, caudal extremity. In further devel- 



Fig. 2. From a reconstruction of the anlagcn Fig. 3. Diagrammatic representation of the 

of the liver and pancreas and a part of the cmbryologic alimentary tract, its appendages 

stomach and duodenum of a human embryo and blood supply, showing its anatomic and 

of four weeks. (After Fcli\.) functional division into foregut, midgut and 

, hindgut. (Modified after Sabotta.) 

appears as a slender structure, namely, 

the yolk stalk, attached to the midgut. opment, the greater curvature becomes 
All are suspended by the common dorsal much more prominent and the organ as a 
mesentery. A ventral mesentery e.xtends whole changes its position, the latter 
between the ventral abdominal wall and process beginning in embryos of 12 to 
the ventral surface of the intestinal tract, 14 mm. The cephalic (cardiac) end moves 
forming a partition which divides the body toward the left side of the bod}^ the pyloric 
into a right and left half. end towards the right. At the same time. 

Stomach. The abdominal portion of the stomach rotates, the greater curvature 
the foregut forms the stomach and the turning caudally from its dorsal position, 
duodenum down to the biliary papilla. The result is that the organ comes to lie 
The aniage of the stomach can be recog- in an approximately transverse position 
nized in embryos of 5 mm. as a slight in the body, with the cardiac end to the left, 
spindle-shaped enlargement of the primi- the pjdoric end to the right, the greater 
tive gut a short distance cranial to the yolk curvature directed caudally and the lesser 
stalk. The dilatation goes on more rapidly curvature directed cephalad. 
on the dorsal than on the ventral side. Duodenum. The segment of small in- 
thus producing the greater and lesser testine situated between the pylorus and 
cun^ature, respectively. (Fig. i.) The the beginning or point of departure of the 
greater curvature is attached to the dorsal proximal or descending limb of the umbil- 
body wall by the dorsal mesogastrium, ical loop, develops into the duodenum, 
which is part of the common dorsal This portion of the small intestine is indi- 
mesentery. The lesser curvature is attached cated early in embryos of 2. r 5 mm. Some- 
to the ventral body wall by the ventral what later, in embryos of 4.10 to 5 mm. in 
mesogastrium. <Fig. 3.) At this time, the length, it^ becomes additionally marked 
stomach presents a right and left surface, by the origin of the pancreatic divertic- 
a ventral concave border (the lesser curva- ulum. The duodenum, at first straight 
ture) and a dorsal convex border (the (Fig. 2), now begins to cur\^e, forming a 
greater curvature), with the esophageal short duodenal loop or bend. In embryos 
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of six weeks, the duodenum forms a simple 
loop placed transversely below the pyloric 
extremity of the stomach. Its mesentery 
fuses with the peritoneum of the dorsal 
body wall and the duodenum thus becomes 
a fixed portion of the intestinal tract. 
(Fig- 3-) 

Liver and Gallbladder. In point of time, 
the liver is the first accessory structure to 
develop by budding from the primitive 
alimentary canal. In embryos of about 
3 mm. a longitudinal ridge-like evaglnation 
develops from the entoderm on the ventral 
side of the gut a short distance caudal to 
the stomach, that is, in the duodenal 
portion of the gut. The cephalic part of 
the evaglnation is solid and, being destined 
to give rise to the liver proper, is called the 
pars hepatica. The caudal part is hollow, 
its cavity being continuous with the lumen 
of the gut, and is destined to give rise to 
the gallbladder; hence, it is called the pars 
cystica. Beginning at both the cephalic 
and caudal ends, the evaglnation as a 
whole becomes constricted from the gut 
until (in embryos of about 8 mm.) its only 
connection with the latter is a narrow 
cord of cells which is the anlage of the 
ductus choledochus. The pars hepatica, 
by this time, has enlarged considerably 
and remains attached to the ductus chole- 
dochus by a short cord of cells, the anlage 
of the hepatic duct. The primitive hepatic 
duct is directed cephalad in the meso- 
gastrium between the ^dtelline duct and 
the stomach. (Fig. 2.) 

In embryos measuring 4.25 mm. the 
duct is 0.24 mm. long. Later (in embryos 
of 8 mm.) the primitive single duct divides 
into two secondary branches, indicating, 
even at an early stage, the adult arrange- 
ment of the duct, as formed by the union 
of the right and left hepatic ducts. 

The pars cystica has also become larger, 
its distal portion being somewhat dilated, 
and is connected with the ductus chole- 
dochus by the anlage of the cystic duct. 
(Fig. 2.) The pars cystica grows into the 
ventral mesentery and thus becomes sur- 
rounded by mesodermal tissue. The proxi- 


mal portion continues to elongate to form 
the cystic duct and the distal portion 
becomes larger and more dilated to form 
the gallbladder. (Fig. 2.) 

The parts hepatica, or anlage of the 
liver proper, also grows into the ventral 
mesentery, thus becoming surrounded by 
mesodermal tissue. The mesodermal tissue 
gives rise to the fibrous capsule of Glisson 
and to the small amount of connecti\-e 
tissue within the gland. 

Although the liver develops as a series 
of outgrowths from the original evaglna- 
tion, there are certain features in its devel- 
opment which distinguish it from glands 
in general. The outgrowths come in contact 
with the omphalomesenteric veins which 
are situated in the ventral mesentery. They 
push their way into and through the veins, 
breaking them up into smaller channels. 
They anastomose freely with one another 
and the veins send off branches which 
circumvent these channels. Thus there is 
formed a network of trabeculae of liver 
cells, called hepatic cylinders, the meshes 
of which are filled blood vessels. Therefore, 
the liver is distinguished from other glands 
in general, in that the hepatic cylinders, 
which are comparable to the smaller ducts 
and terminal tubules of other glands, 
anastomose, and in that the blood vessels 
are broken up by the growth of these 
cylinders. 

All the blood carried to the liver by the 
omphalomesenteric veins must follow the 
tortuous course of the sinusoids before 
being collected again and passed on to the 
heart. When the umbilical veins come into 
connection with the liver they also join in 
the sinusoidal circulation. Subsequently, 
however, a more direct channel — the duc- 
tus venosus — is established and persists 
for a short time. This is probably due to 
the large volume of blood brought in by 
the umbilical veins. Finally the ductus 
venosus disappears and the sinusoidal 
circulation remains as the permanent form. 

The lobes of the liver develop in a gen- 
eral way in relation to the great venous 
trunks which, at one time or another, pass 
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into or through the gland. The aniage of 
the organ grows into the ventral mesen- 
tery, subsequently becoming enclosed in 
the septum transversum. In so doing, it 
encounters the omphalomesenteric veins, 
and forms, in relation to the latter, two 
incompletely separated parts which have 
been called the dorsolateral lobes. When 
the umbilical veins enter the liver, a more 
ventral, medial mass is formed. This 
becomes incompletely separated into two 
parts which give rise to the permanent 
right and left lobes. The right becomes the 
larger. The right umbilical vein loses its 
connection with the liver. After birth, the 
left, which lies between the right and left 
lobes, degenerates into the round ligament 
of the liver. The other lobes arise secon- 
darily as outgrowths from the right pri- 
mar}^ dorsolateral lobe, the caudate (lobe 
of Spigelius) from its inner (medial) sur- 
face, the quadrate from its dorsal surface. 

The liver, as a whole, grows rapidly and 
by the second month is relatively large. 
During the third month it fills the greater 
part of the abdominal cavity. After the 
fifth month it grows less rapidly and the 
other intra-abdominal organs overtake it, 
so to speak, although at birth it forms one- 
eighteenth of the total weight of the body. 
After birth it actually diminishes in size, 
comparatively. The right lobe is from the 
beginning larger than the left, and after 
birth the predominance increases. 

Pancreas. The epithelium of the pan- 
creas, like that of the liver, is a derivative 
of the entoderm. It arises from two (or 
three) separate anlages, one dorsal and one 
(or two) ventral. The dorsal aniage appears 
first as a ridge-like evagination from the 
dorsal wall of the gut, slightly cephalad 
to the level of the liver. (Fig. 2.) It 
appears about the same time as the liver 
or a little later. (In embryos of 8 mm. 
(four weeks) it appears as a small spherical 
outgrowth connected by a slightly nar- 
rower stalk with the epithelial intestinal 
tube.) The mass of cells grows into the 
dorsal mesentery and becomes constricted 
from the parent epithelium except for a 
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thin neck which becomes the duct of 
Santorini. A little later two other diver- 
ticula appear from the epithelium of the 
primitive hepatic duct, and not directly 
from the duodenum. This distal ventral 
outgrowth is from the beginning closely 
connected with the similar embryonic out- 
growi;h from the enteric tube which is to 
form the liver. The diverticulum continues 
to develop and becomes constricted from 
the parent epithelium, leaving onh' a thin 
neck which becomes the duct of \Virsung, 
which is closely connected with the end 
of the common bile duct at the intestinal 
opening common to both. 

The smaller ventral pancreas grows to 
the right and then dorsally into the mesen- 
tery, passing over the right surface of the 
portal vein, until it meets and fuses with 
the proximal pait of the larger dorsal 
pancreas. In embryos of the sixth to 
seventh week, the two glandular out- 
growths have become fused into a single 
mass at a point which corresponds exactly 
to the divergence of the duct of Santorini 
from the main pancreatic duct (duct of 
Wirsung) in the adult gland, the ventral 
aniage giving rise to the head, the dorsal 
aniage to the body and tail of the pancreas. 

A communication is established between 
the two ducts, and the dorsal duct (San- 
torini) usually disappears, leaving the 
ventral (Wirsung) as the permanent duct 
opening into the ductus choledochus. 
IFig. 3.) 

As the pancreas grows into the dorsal 
mesentery it lies in the dorsal meso- 
gastrium between the greater cun'ature 
of the stomach and the vertebral column; 
and since the dorsal mesogastrium at first 
lies in the medial sagittal plane, the 
pancreas is similarly situated. After the 
sixth week, however, as the stomach 
changes its position, the pancreas is carried 
along with the mesogastrium and comes 
to lie in a transverse plane, with its head 
to the right and embedded in the bend of 
the duodenum, and its tail reaching to the 
spleen on the left. (Fig. 3.) The organ as a 
whole is at first movable along with the 



New Scries VoL. LIV, No. 2 AutOll Ct a.1. AbdonilHal HctCrOtaXy American Journal of Surgerj- 45^ 


niescntci y, but when it assumes its trans- 
verse position, it lies close to the dorsal 
abdominal wall. The mesentery then fuses 
with the adjacent peritoneum and the 
pancreas is firmly fixed. 

The connective tissue of the pancreas 
is derived from the mesodermal tissue of 
the mesentery. As the processes or buds 
which form the ducts and terminal tubules 
grow out from the primary masses, they 
penetrate the mesodermal tissue and are 
surrounded by it. Groups of tubules form 
lobes and lobules and the entire gland is 
surrounded by a capsule of connective 
tissue. 

Spleen. The first aniage of the human 
spleen appears early in the fifth week. It 
is represented by a triangular cellular 
elevation in the left side of the dorsal 
mesogastrium opposite the urogenital fold 
and to the left of the pancreas, at the level 
of the fundus of the stomach. (Fig. 3.) 

The ultimate origin of the spleen is not 
vet settled and the details of its later 

V 

development are still obscure. For some 
time, the spleen was considered as a deriva- 
tive, primarily, of the mesenchyme in the 
region of the dorsal mesogastrium. More re- 
cently, however, investigators have taken 
the view that it arises partly, or possibly 
entirely, from the mesothelium (celomic 
epithelium) of the dorsal mesogastrium. 
In the human embryo, during the fifth 
week, the aniage of the spleen appears as 
an elevation. This elevation is produced 
by a local thickening and vascularization 
of the mesenchyme, accompanied by a 
thickening of the mesothelium which 
covers it; furthermore, the mesothelium 
is not so distinctly marked off from the 
mesenchyme as in other regions. Cells 
from the mesothelium then migrate into 
the subjacent mesenchyme and the latter 
becomes much more cellular. The migra- 
tion is brief, and in embryos of about 
forty-two days migration has ceased and 
the mesothelium is again reduced to a 
single layer of cells. The elevation becomes 
larger and projects into the body cavity. 
At first it is attached to the mesentery 


(mesogastrium) by a broad, thick base, 
but as development proceeds, the attach- 
ment becomes relatively smaller and finally 
forms only a narrow band of tissue through 
which the blood vessels (splenic artery 
and vein) pass. 

DISCUSSION OF embryology 

The configuration of a human embryo • 
of a few millimeters is symmetrical on a 
median sagittal plane, the right and left 
sides being mirror images of each other. 
By atrophy or excessive development of a 
certain part, by rotation, torsion or migra- 
tion, an internal asymmetry is produced 
which identifies the right from the left 
side. Various phases of visceral rearrange- 
ment of the abdominal portion of the 
foregut occurs in the course of the first few 
months. The rarity of true malposition of 
the foregut and hindgut as contrasted to 
developmental errors in the disposition of 
the midgut (the intestine from the biliary 
papilla to the left third of the transverse 
colon) is due to its less complicated evolu- 
tion and its natural disposition in the 
abdomen. 

It seems that the vertical position and 
the physiologic difl'erentiation of the upper 
extremities, which are prehensile organs in 
the human and not supporting organs as 
in the quadrupeds, involve a flattening of 
the anteroposterior direction and necessi- 
tate this visceral rearrangement. Cer- 
tain vertebrates, such as the cat, conserve 
the median arrangement to the adult 
state. 

Various theories as to the causes of 
transposition of the organs have been 
advanced. The explanation of total situs 
inversus may be hypothesized on the old 
theor\’ of Serre and Forster, based upon 
the formation of “double monsters.” 
Serre, in 1832, showed a determining role 
in the unilateral atrophy of the omphalo- 
mesenteric artery, producing an asj'm- 
metric development of the liver. If the 
left lobe were evolved in the location of 
the right lobe of the liver, there might 
result a subdiaphragmatic interversion. 
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But whether this interversion would be 
confined to this segment cannot be assured. 
The primary origin of the asymmetry is 
still lacking. 

In the most plausible theory the anoma- 
lous condition is considered due to the 
influence of the large venous trunks in the 
abdominal region, especiall}' on the posi- 
tion of the liver and stomach. 

Primarily, the omphalomesenteric veins 
pass cranially through the mesenter3^ 
Later they form two loops around the 
duodenum. Then the left half of the upper 
ring and the right half of the lower dis- 
appear, the common venous trunk thus 
following a spiral course around the duo- 
denum. After the veins come into con- 
nection with the liver, the right vein 
atrophies and the left increases in size and 
becomes the single, large umbilical vein of 
later stages. The right lobe of the liver 
becomes the larger. If, as is maintained 
by some investigators, the usual position 
of the stomach and liver is due to the 
persistence of the left venous trunks, a 
persistence of the right venous trunks 
instead would afford a plausible explana- 
tion of the transposition of these organs. 
Certainly, a reversal in the position of the 
stomach would cause a reversal in the 
position of the duodenum and its deriva- 
tives. Since only the abdominal portion 
of the foregut is developed in conjunction 
with these venous trunks, it is not unrea- 
sonable to attribute the transposition of 
the .stomach, the duodenum and its deriva- 
tives (liver and pancreas) and other 
associated organs (the spleen), directly 
or indirectly to the persistence of the right 
venous trunks, without disturbing the 
development and position of the remainder 
of the intestinal tract. 

W’e arc unable to state or to quote any 
authority which can plausibly hypothesize 
what disturbing influence tilts the balance 
of asymmetric development. The factor 
producing such anomalies is probably 
present in the defective fertilized ovum. 
In a majority of cases, transposition of 
the viscera causes no disability and, at 
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first sight, there appears to be no reason 
why it should not be as common as the 
normal position; for when there is no 
selective advantage or disad^^antage be- 
tween a dominant and a recessive, they 
may occur in an}' proportion in a popu- 
lation and still remain in equilibrium.^" 
However, there appears to be much e^'i- 
dence that transposition of the viscera is 
associated with other congenital anom- 
alies — atresia of the duodenum, poly- 
cystic kidney, congenital morbis cordis, 
absence of, or multiple spleens. Anomalous 
lobulations of the spleen (lien lobatus), 
such as was present in our own case, are 
not rare, and are fully explicable by the 
multilobular embrymnal anlage. Congen- 
ital lobulations of the topography of the 
spleen are usually dependent upon other 
malformations. A case of multilobular 
spleen with transposition of the viscera 
has recently been reported. Besides such 
congenital malformations, heterota.xy ap- 
pears in frequent association with a 
syndrome of hypertrophic rhinitis, nasal 
polyposis, sinusitis and bronchiectasis, 
more frequently than can be accounted 
for by chance. 

A linguiform enlargement which may 
protrude from under the lower margin of 
the larger lobe of the liver is known as 
Riedel’s lobe. The lobe may have a broad 
base of attachment, such as was found in 
our own case, or mav be connected to the 
liver by a thin pedicle. Its occurrence is 
more common in women than in men, and 
it is often attributed to the effects of tight 
lacing or the wearing of a tight belt around 
the waist. But since it has occasionally 
been found in quite young children, it must 
be regarded rather as an anatomic abnor- 
mality. 

CASE REPORT 

.Mrs. F. K., a white female, age fort\-, mar- 
ried, was admitted to the Uroloaic Service of 
the Beth-E! Hospital, August 21 , 1938, com- 
plaining of upper abdominal pain of two week.s’ 
duration. The patient had suffered from flatu- 
lence and “sour stomach" for the past ten 
vears. 
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Menses began at the age of fourteen, Avere 
regular, of the twenty-eight-day t\T3e and lasted 
about four to five days. She did not suffer from 
menorrhagia or metrorrhagia; menopause oc- 
curred at the age of twenty-six. 

Palpitation on exertion was her only com- 
plaint referable to the cardiovascular system. 
Seven years ago, she had been a patient at 
another hospital where she was treated for 
epigastric distress and at that time a mass 
was found in the epigastrium. There was no 
venereal history. 

Ph^'sical examination revealed that the pa- 
tient was fairly well nourished, mentally clear, 
intelligent and quite co-operative. Blood pres- 
sure 130/90; temperature 99° f .; pulse, 84.; 
respiration, 22. The neck presented bilateral 
scars of previous incisions. The lungs were 
negative to percussion and auscultation. The 
heart was in the left side of the chest; apex beat 
was in the fifth interspace, three and one-half 
inches from the midline but otherwise was 
essentially negative. Abdominal examination 
revealed a tender mass in the left upper quad- 
rant, extending from the left subcostal margin 
to the level of the umbilicus which, on per- 
cussion, was found to extend laterally to the 
left flank. A dull note was elicited over the 
entire mass. The lower margin of the tumor 
mass was round and discrete. The remainder of 
the abdomen was flaccid. Some tenderness was 
also elicited on palpation in the right iliac 
fossa. The splenic edge was not palpable. The 
right kidney AA’as not felt. The left kidney, on 
palpation, could not be distinguished from the 
mass. Rectal and vaginal e.xaminations dis- 
closed a uterus smaller than would be expected 
for her parity. Neurologic examination was 
negative. 

Blood chemistr3' studies were within normal 
limits. Wassermann and Kahn tests were nega- 
tive. Urine, plus 2 albumin, otherwise negative; 
red blood cells, 6,200,000; hemoglobin, 17 Gm.; 
coagulation time eight and one-half minutes; 
platelet count 350,000; fragllltA’- began at 0.42 
and was complete at 0.34; white blood cells, 
18,000; staff neutrophiles 6 per cent; segmented 
neutrophiles 86 per cent; eosinophlles 2 per cent; 
K'lnphocA-tes 3 per cent; monocA^es 3 per cent. 

A retrograde pA'clogram shoAA-ed both kid- 
ncA's normal in size and shape. The left kidncA- 
appeared to be liigh in the abdomen but the 
urographic outline AA-as normal. Mass densitA* 
AA'as noted in the left midabdomen and AA’as 
extrinsic to the renal shadoAA*. ^^'^hen these 


roentgenograms AAcre interpreted bj*^ Dr. M. 
Dannenberg, he Avas of the opinion that Ave 
AA’ere dealing Avith a case of transposition of 



Fig. 4. Diagrammatic representation of the ana- 
tomic topography as constructed from oper- 
atiA’e findings. 

A'iscera. The gas shadoAV in the right upper 
quadrant (Fig. 5) he believed represented the 
outline of the stomach and suggested a gastro- 
intestinal series. HoAteA-er, the patient AA*as 
operated upon before his report AAas receKed. 
Clinical diagnosis: Retroperitoneal neoplasm. 

Operation At as performed on August 29, 1938, 
under spinal anesthesia. The abdominal caA'itj- 
AA'as opened through an upper left rectus- 
splitting incision. Exploration rcA-ealed that the 
left A'ault of the diaphragm AA'as occupied bj" the 
larger lobe of the liA-er Avhich Avas markedly" 
enlarged. A rounded tumor mass, 10 cm. long 
bA’ 5 cm. in AA'idth, soft in consistency' and of a 
darker hue than the liA-er, AA'as found adherent 
to the undersurface of the transposed right lobe 
of the liA'er. The rounded edge of this tumor 
mass extended about 3 cm. beloAV the free 
border of the IRer. The examining fingers could 
be hooked around a free posterior pole of the 
tumor mass AA'liich AA'as presumed to be a 
Riedel’s lobe. In the angle betAveen the outer 
margin of this ectopic lobe and the free loAver 
margin of the liA^er AA'as found a globular, 
collapsible body, surrounded by omentum ex- 
cept for its superior surface Avliich aa'US thought 
to be the gallbladder. The A'iscus AA*as carefully- 
separated from its bed of adhesions by sharp 
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and blunt dissection and a cholec3-stectomy was site of drainage. On the fourth postoperative 
performed. daj^ the patient was distressed gradu- 

Further exploration b}^ palpation and direct allj^ increasing abdominal distention, accom- 



Fig, j. Preoperative roentgenological genito- 
urologic study, sho\\ing the magenbiasse 
on the right side. 

t’ision ret’ealed the left kidnej' to be of normal 
size and shape, situated high, at about the 
level of the ninth rib. The spleen was absent 
from the left upper quadrant and was found in 
the right upper quadrant. It consisted of five 
separate lobes. The stomach and duodenum 
were transposed to the right side of the ab- 
domen. The gallbladder was transposed to the 
left, as previouslj’’ mentioned. The head of the 
pancreas was felt to the left of the midlinc in 
the curs’e of the duodenum. The cecum and 
appendix occupied the right lower quadrant 
and the rest of the abdominal viscera were in 
their normal positions. (Fig. 4.) The uterus 
was atrophied, as had been noted on vaginal 
e.vamination and the adnexa were negative to 
palpation. 

A cigarette drain was placed in the liver bed, 
leading to the stump of the cystic duct and 
brought out at the upper angle of the ^^ound. 
The abdomen was closed in lax'ers. The patient 
vas returned to the ward in good condition. 

The first two postoperative days were un- 
eventful except for a moderate rise in tem- 
perature, associated with slight abdominal 
distention. The drain was removed on the third 
d.ay.Thcuound healed perprimamexceptatthc 


Fig. 6. Gastric roentgenogram showing 
transposition of the stomach and duode- 
num with the cardiac shadow in the left 
chest. 

panied bj' vomiting of small amounts of 
j'ellowish fluid, which was relieved bj' gastric 
lavage. She was passing flatus. From then on, 
the postoperative course became stormt- and 
was marked bj” distention, vomiting and a 
gradual rise in temperature to io 3 . 8 °f, on the 
tenth dajs pulse 120, respirations 28. Disten- 
tion and vomiting increased, no flatus was 
being expelled and, in spite of everything that 
could be done, she continued to go downhill 
and died on the twelfth postoperative da}', 
with a clinical diagnosis of paralj'tic ileus. An 
autops}' was requested, but refused. 

Pathologic Report oj Gallbladder. Gross: The 
specimen was ii cm. long, had a glistening 
serosa and contained thin bile. The wall was 
delicate. The inner aspect presented a tjqjical 
bile-stained, intact mucosa. Microscopically, 
the section showed mucosal folds, lined by 
columnar epithelium and muscularis character- 
istic of the gallbladder. 

The patient’s demise precluded our inten- 
tions to investigate her intestinal anomaly and 
all our efforts to obtain a postmortem exami- 
nation in order to elaborate upon our operative 
findings, were una\ ailing. We made a search 
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into the patient’s past history and located her 
previous hospital record at the Jewish Hospital, 
Brooklyn, New York, from ^^hich the following 
pertinent data were extracted. 

She had been admitted, October 30, 1931, 
w ith a clinical diagnosis of chronic cholecystitis. 
Subsequent examination revealed a mass in the 
epigastrium and a tentative diagnosis of 
neoplasm of the stomach or transverse colon 
was made. A gastrointestinal series (No. 
79,953), taken November 7, 1931, was reported 
as follows; “The stomach is transposed. It is 
J-shaped and considerably ptosed, without evi- 
dence of intrinsic disease. The pyloroduodenal 
region is normal. The large bowel rests entirely 
in the right abdomen and the sigmoid extends 
well up on the right, probably beneath the 
diaphragm. Aside from the anatomic ab- 
normality. no pathology is observed.” (Figs. 6 
and 7.) 

An attempt to locate the liver was made by 
cholecystographlc visualization (No. 80,121), 
November ii, 1931. “The gallbladder was 
visualized by means of a radiopaque dye and 
was found to be situated on the left side. There 
is a constriction in the region of the fundus 
noted on three films, suggestive of the presence 
of pericholecystic adhesions. The organ is com- 
pletely empty at the 36-hour study. There is no 
radiographic evidence of a concretion in this 
region.” Roentgenologic Diagnosis: Situs in- 
versus of the liver. 

The operatb e findings w ere corroborative of 
these roentgenologic reports. Confirmation of 
our clinical localization of the heart being in 
its proper position was demonstrable by a chest 
roentgenogram (No. 80,222, November 11, 
1931) the report of which showed “the heart 
is not transposed.” She was discharged with a 
diagnosis of transposition of the abdominal 
viscera. 

DISCUSSION 

The accuracy of the topographic diagno- 
sis of abdominal diseases depends upon 
the assumption that the viscera occupv 
their normal position. But this is not 
always the case. All the abdominal viscera 
are liable, in more or less degree, to dis- 
placements, some of which date from birth, 
while others are acquired in later life. 

The surgical importance of abnormal 
situation of abdominal portions of the 


alimentary tract requires little comment. 
It is of importance to the correct diagnosis 
of abdominal pathology. Thus, if left- 



Fig. 7 . Roentgenogram of the colon sliowing the 
cecum and appendix in their normal locations 
on the right side of the abdomen. 

sided appendicitis has not been considered, 
disasterous consequences may result, while 
a normally situated organ would have 
been removed by timely operation. The 
same may be said of the gallbladder, 
although malposition of this viscus is 
rare in comparison. Failure to recognize 
the nature and characteristic features of 
these misplacements may lead to grave 
errors in procedure, or to injurious prolon- 
gation of the operation, or even its 
abandonment. 

In surgery of infants, the condition 
acquires an especial significance, owdng 
to the difficulties of abdominal diagnosis 
by exploratory celiotomy, and the proba- 
bility of pathologic consequences of malde- 
velopments is greatest in them. 

In e.\ploratory operations upon the 
alimentary tract, it is important that 
abnormal dispositions of the viscera be 
recognized and further search made in 
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order to become oriented properly. Thus, 
in operations designed to apply to a 
particular portion of intestine, as in 
gastrojejunostomy, recognition of anatomic 
abnormalities is of great importance. 

We believe an appeal should be made to 
the surgeon to take cognizance of the 
organs in the chest cavity in his physical 
examination as well as to those in the 
abdomen, for the discovery of a dexicardia 
may sometimes be associated with a situs 
inversus, thereby' saving the surgeon from 
an embarrassing position and a state of 
chaos at the operating table. It is our belief 
that when an abnormality of the abdominal 
viscera is discovered, the e.\'amining physi- 
cian should relate his findings to the patient 
and supply him with a detailed report 
of his examination. In the event that the 
patient should require subsequent treat- 
ment elsewhere of a surgical nature, at 
which time a complete roentgenologic 
survey of the abdominal viscera might 
not be feasible, the surgeon, having this 
record of the previous findings on hand, 
would be guided by this information in his 
diagnosis and operative procedure. 

SUAIMARV 

1. Heterotaxy or congenital transposi- 
tion of the internal organs does not 
constitute an exceptional anomaly, while 
segmental hetarotaxy is relatively rare. 

2. Normal embryologic development of 
the primitive alimentary canal, with em- 
phasis on the foregut, is briefly reviewed. 

3. The pathologic consequences of anom- 
alies of the alimentary tract are discussed 
as to their relative frequency, embr3'ologic 
origin and surgical significance. 

4. A case of segmental abdominal hetero- 
taxy with multilobular spleen and a 
Riedel’s lobe of the transposed right lobe 
of the liver is reported. 


The authors wish to express their apprecia- 
tion to Dr. Milton Wasch, attending radiologist 
at the Jewish Hospital, Brookljm, New York, 
for his courtesy in permitting the use of his 
roentgenograms (Figs. 6 and 7) for reproduc- 
tion and to Dr. John E. Jennings for his 
invaluable assistance and continued interest in 
the preparation of this communication. 
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SARCOMA DEVELOPING IN AN OLD BURN SCAR* 


Richard M. Fleming, m.d. and Phillip R. Rezek, m.d. 

Attending Surgeon, Jackson Memorial Hospital Pathologist to Jackson Memorial Hospital 

MIAMI, FLORIDA 


T he relation of trauma to tumor for- 
mation has been frequently discussed 
in considering the etiology of neo- 
plastic diseases and numerous cases are on 
record citing this causal relationship. Al- 
though there appears to be firm ground for 
accepting this relationship clinically, u‘e 
have little scientific evidence for this 
assumption. Hausemann insists that there 
is no scientific explanation for the develop- 
ment of neoplasm following acute trauma. 
Ramm, in speaking of sarcoma specifically, 
holds a similar opinion, although he admits 
the probability of trauma-tumor sequence 
from a histological point of view. The great 
dilficulty in proving this relationship lies 
in our inability to prove the causa generis 
of malignancy, the frequently long latent 
period between trauma and tumor forma- 
tion, and the fact that although accidents 
and trauma are very common, cancer 
follows in an infinitely small proportion of 
these cases. 

Since this is true, we naturally ask why 
should cancer follow certain injuries while 
most trauma does not result in tumor 
formation. In answer to this question 
Fenster states that there are only two 
known biological procedures leading to 
tumor formation with any degree of cer- 
tainty, namely, embryological and regener- 
ative processes of growth and repair. He 
further states that it is generally recognized 
that most tumors have their origin in the 
so-called embryological anlage — the “germ” 
of the tumor; nevertheless, it appears that 
some tumors arise from an acquired germ 
anlage (as for example those originating in 
scars). At any rate every tumor has its 
origin in a geiTninal anlage; a fully matured 
cell of the body is not transformed into a 


tumor cell, and neither does the reverse 
process occur. 

The acquired “germ” anlage is impor- 
tant in demonstrating the connection be- 
tween trauma and tumor for it is based on 
a repeatedly disturbed regenerative process 
following primary tissue alteration. The 
factor of predisposition to tumor formation 
is an important if little understood quan- 
tity, and may be either general or local in 
nature. This, too, may be congenital, but 
occasionally is an acquired property. 

Cancer developing in scars is well known 
and comprehensive reports and discussions 
have been contributed bv manv authors. 
A large series of cases of burn scar cancers 
have been reported by E, F. Neves, of 
Kashmir, India, smaller series being re- 
corded by Rofl'o and Gandolfo, of Buenos 
Aires, and Treves and Pack, of New York 
City. Ewing’s postulate for burn scar 
cancers, quoted by the latter authors, still 
stands as the measuring rod for this 
relationship ; 

“a. Incontrovertible evidence of burn as 
shown by the wound or resultant scar. 

“b. The law of localities which purports 
that the cancer must originate within the 
boundaries of the burned area. 

“c. The absence of any precursory or 
similar neoplasm on the site of the burn 
prior to the development of cancer. 

“d. The histological variety of the can- 
cer must be compatible with the tissue 
found in thermal wounds and scars, e.g., 
squamous cell carcinoma in the majority 
of instances and basal cell occasionally in 
superficial burns. 

“e. The interval of time between the 
date of burning and the onset of cancer 
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must be proper (more important for single 
acute trauma than for burns).” 

According to Roffo and Gandolfo, the 




Fig. I. Photograph showing tumor of posterior 
surface of left thigh and benign ulceration of 
posterior surface of right thigh. Note dense 
scar tissue \sith contracture over right pop- 
liteal region. 

development of cancer in a burn scar is the 
result of isolation of epithelial cell “nests” 
subsequent to scarring. These remain dor- 
mant until certain irritating processes 
occur, such as trauma, endocrinological 
influences, etc., when after repeated stimu- 
lation neoplasm occurs. Lumiere, in dis- 
cussing cancer as a cicatricial disease, 
states that nearly all skin cancers develop 
on scars and that a scar could be discovered 
as the basis for every case of skin cancer if 
looked for carefully. Only a few scars 
develop cancer, however, and these result 
under the following circumstances: (a) 
Prolonged healing of the wound; (b) old 
scars (twenty to thirty years); (c) second- 
ary trauma to the scar; (d) humoral pre- 
disposition. Chronic irritation or infection 


of a scar results in repeated destruction and 
reproduction of epithelial cells. These cells 
finally acquire the special capacity for 
reproduction without the aid of an outside 
stimulus and gro^^’th becomes unrestrained. 

Neves, in speaking of Kangri burn can- 
cers specificalty, stated in a personal com- 
munication to one of the authors (R. M. F.) 
that he was inclined to regard the heat 
waves rather than the products of combus- 
tion as the exciting cause of cancer in these 
cases. This brings heat waves into line with 
.r-rays, etc., further along the spectrum, 
as a cancer producing factor. 

Leriche believes that sclerosis of the 
vessels of the skin is necessar}’’ for the 
development of skin cancer. Winkler em- 
phasizes the importance of the variation 
between cells and cell groups in their abilit}’ 
or inherent predisposition to become neo- 
plastic. Hoffman points out that certain 
irritations prepare the cell for the develop- 
ment of cancer by maladjustment of tissue 
behavior; when an endogenous factor as 
above is combined with this, cancer then 
develops. 

The type of cancer developing in a scar 
is predominantly epithelioma, and of the 
epitheliomas, squamous ceil grade i or 11 
is the usual histological picture. Treves 
and Pack reported onlj'' six basal cell 
carcinomas in a series of twenty-eight burn 
scar cancers, and of this number three were 
classified under “acute” wound cancer, 
that is, developing less than a year after 
the accident. These authors believe that 
basal cell carcinoma is more likeh to 
develop early after superficial burns which 
spare the hair follicles and sweat glands, as 
in burns from hot solids. However, a 
divergence of opinion is expressed b> 
Stauffer, who believes that the abnormally 
early appearance of cancer following a 
burn may be related to the existence of a 
precancerous condition of the affected area 
prior to injury. He cites instances in uhich 
this has occurred, and subsequent examina- 
tion revealed precancerous conditions of 
other areas of the skin, such as senile 
keratoses, leukoplakia, etc. 
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Sarcoma following injuries is well known cause an imitation of the immature cells 
although infrequent. Sarcoma developing of connective tissue. As Bosnajkovic traces 
on scars is rarer still, e.xcept that type the process, scars subjected to repeated 



Fig. 2. Photograph shows c\tcnt of scarring which com- 
plctcK encircles botli thighs. 


originating on old lupus scars. In none of 
the series of burn scar cancers reported 
was sarcoma mentioned. Neves knows of 
no case in his experience with thousands of 
burn scar cancers in which sarcoma devel- 
oped. Most of the reported cases of sarcoma 
in scars has followed war wound injuries. 
Ramm has examined many reported cases 
and finds that most of them do not survive 
critical survey. This author suggests that 
the same factors which tend to produce 
carcinoma in scats are probably responsible 
for the development of sarcoma: namely, 
irritation from thermal, chemical, mechan- 
ical or infectious sources. Since sarcoma is 
a neoplasm of the cells of mesenchymal 
tissue origin, the results of such irritation 
or other influence applied to these cells will 


irritations resulting in constant destruction 
and regeneration of cells may become the 
site of benign proliferation of the connec- 
tive tissue. This may take the form of a 
keloid or fibroma. In the beginning it is 
often difficult, even histologically, to dis- 
tinguish between benign connecti\ e tissue 
proliferation and earl}^ sarcomatous trans- 
formation. An irritation which under ordi- 
nary conditions would be expected to 
produce a benign proliferation might pro- 
duce sarcomatous transformation under 
certain circumstances. This may occur 
when the tissue in question contains mis- 
placed embryonal cells (theory of Cohn- 
heim and Berman), or an area transformed 
by a postembryonal mechanism to special 
susceptibility (Krompecher). Such an irri- 
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tation may transform cells into a labile 
stage, sensitizing them to further stimulus. 
If this irritation is prolonged, autonomous 




Fig. 3. Plioiograpli shows evtent of cndoihcrni 
excision. Muscle fibers c.sn be seen in deeper 
portions of the wound. 


proliferation with loss of restraint occurs 
and sarcoma develops (Borst). 

It is of great interest that so few of the 
scar cancers reported are sarcomas. Why 
this should be is not altogether clear al- 
though it is fair to assume that the epi- 
dermis is subjected to more trauma than 
the connective tissue and, therefore, must 
undergo the process of repair much more 
often than the deeper layers of the epi- 
thelium and subcutaneous tissues. What- 
ever the reason, sarcoma developing in 
burn scars must be quite rare as we were 
unable to find any reported case, verified 
histologically, in our search of the litera- 
ture. It is true that certain articles dealing 
with trauma and tumor were not accessible 
to us and it is possible that these articles 
might cite such cases. Since preparing this 


paper two other sarcomas developing in 
the skin following trauma have been seen 
in our department. 

The following case is reported in detail 
because of the unusual histological picture 
of sarcoma developing in a burn scar: 

CASE KEPOKT 

E. N\ fifty-four years of age, a white mar- 
ried male, was seen in consultation with Dr. 
A. G. Levin on May 15, 1939, because of recur- 
rent ulcerations and tumor formation in old 
scars of both thighs. The patient had fallen 
in a bonfire forty-nine \ears prexiousK at the 
age of fixe years and sustained sex'cre burns of 
both thighs, anteriorly and posteriorly, as well 
as the posterior surface of both legs. He was 
treated by tub baths and traction for nine 
months with healing, by scar formation, taking 
place verx slow ly ox er a period of several 3'ears. 
Pinch grafts were applied oxer the knees onlx-. 
Apparently the posterior surfaces of the thighs 
xxerc burned most extensively, as healing was 
never complete; here heavx dense scarring oc- 
curred with recurrent ulcerations and abortive 
attempts at healing. The ulcerations on the 
right thigh became so painful and irritated that 
in 1914 the patient consulted a doctor who 
applied pinch grafts. This thigh finallx’' healed 
complete^' bj- 1926 and remained healed for 
twelve x'cars. 

The lesion on the left thigh has never been 
completelj- healed at anj- time but has shown 
tendencies to improv e rapidlj' for a short time 
onlj’ to break down and ulcerate w idely. 

In September, 1938, (eight months prior to 
this first vdsit) the patient went to Pikes’ Peak 
where he experienced a severe sunburn of the 
thighs with vesicle formation. Following this 
the right thigh again became ulcerated in 
several areas. At this time the ulcer on the 
dorsum of the left thigh began to enlarge and 
tissue proliferated above the skin level. This 
grew steadilj- until the tumor reached the size 
of “half a tennis ball.” 

Examination at this time rev ealed no perti- 
nent findings other than the lesions of the 
thighs. There were no palpable nodes. There 
was diffuse scarring of both thighs inv'ohdng 
the entire circumference. However, the pos- 
terior surface of both thighs presented an 
extremelj- thickened, indurated, reddened area 
of scar tissue ex'tending from below the gluteal 
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crease to the upper popliteal region which with the deep fascia that it was necessarj^ to 
showed numerous ulcerated areas with second- sacrifice the muscular fascia. An area 15 cm. 
ary infection. On the left thigh, in the center in width by 17 cm. in length was excised. A 



Fig. 4, Photograph si\ months following first graft. Thick 
split grafts of posterior surfaces of both thighs and right 
poplite.al space. Note minimal skin changes over buttocks 
despite the fact that the same donor site was used for all 
three grafts at different times. 


of the ulcerated region, was a tumor mass 
measuring about 3 by 4 cm. and projecting 
2 cm. There was a dense contraction over the 
right popliteal space which prevented extension 
of the right leg. 

Laboratory findings were normal and the 
chest -v-ray was negative. 

Biopsy of the tumor of the left thigh was 
done on May 22, 1939, and revealed a sar- 
comatous process. 

Operation was then performed by one of us 
(R. M. F.) on May 27, 1939, under spinal 
anesthesia. With the cutting current of the 
endotherm, wide e.xcislon of the entire thick- 
ened area on the dorsum of the left thigh was 
done, the excision being carried down to the 
fascia investing the muscles of the thigh. In 
some areas, especially along the medial border, 
the scar tissue was so Intimately associated 


biopsy was taken from the ulceration of the 
right thigh. A “Z” plastic was attempted in 
the right popliteal region but the tissue was 
so dense and avascular that it was impossible 
to approximate the triangles after undermining 
was done, and a defect was left over the pop- 
liteal space to be closed later with full thickness 
skin graft. 

Pathological Examination. The specimen 
consisted of a piece of skin measuring about 
10 by 15 cm. in diameter. A belt of normal skin 
measuring about 4 cm. in width surrounded 
an elevated area which was firm in consistency, 
presenting an irregular surface. The cut sur- 
face showed a grayish-white tumor tissue 
invading the subcutaneous fat tissue. 

Sections showed neoplastic cell tissue which 
consisted of spindle cells differing markedly in 
size, form, shape and color. There were large 
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numbers of mitoses noted, and an impaction liicsc areas epitiielialized rapidlj- after the 
of the vessels. Secondary degenerations in form necrotic tissue was removed. By August 30, 
of hyalinization and necrosis were also noted. 1939, liic entire grafted area had the appear- 


1 






Excised tumor. Goiyish-u hitc nodules in the st.nr- 
Jike sciir. 


An inflammatory reaction was present which 
consisted of leukocytes and lymphocytes. 
Diagnosis; Spindle cell sarcoma. 

The wound was allowed to granulate to 
the skin level and the patient returned to the 
hospital on July 7, 1939, for skin grafting. The 
previously excised area in the posterior surface 
of the left thigh left a defect 1 5 cm. in length 
by 12 cm. wide. The surface was covered with 
clean, healthy, granulation tissue. In the right 
popliteal space, at the site of the previous 
"Z” incision for release of contractures, the 
margins of the w'ound had sloughed awaj- and 
a defect 6.8 cm. in length by 3.3 cm. in width 
remained. This was cox-ered with a healthy, 
granulating surface. The right leg could now 
be fully extended. 

The granulating surface was shaved away 
with a sharp knife and the margins of the 
wound undermined about 3 or 4 mm. The 
defect w'as outlined with a rubber tissue dam 
and transferred to the skin of the buttock 
where thick split grafts were removed with 
the Blair-Brown skin suction apparatus and 
transferred to the defect. The graft was sutured 
about the margins with interrupted sutures of 
black silk No. 7. A sponge rubber pressure 
dressing was applied. The defect in the right 
popliteal area was similarly treated and mul- 
tiple partial thickness skin grafts were applied 
and sutured in place. A moist sponge pressure 
dressing was then applied. 

Onljr a small portion of the margins of the 
grafts showed any evidence of necrosis and 


ance of normal pliable full thickness skin and 
there was no evidence of disease. 

A biopsy of the ulceration of the right thigh 
revealed no evidence of malignancy. However, 
excision of the entire ulcerated area was 
deemed advisable as a prophylactic measure. 
This was done on the other thigh. This graft 
was similarly successful. 

On March 1 1, 1940, the patient returned for 
a routine follow-up at which time the left 
thigh showed a completely healed normal 
appearing skin graft. The right thigh was 
likewise completely- healed, only a small area 
at the lateral border being covered with a 
superficial crust. However, the patient stated 
that three weeks previously he first noticed a 
painless lump in the left groin which grew 
rapidly to the size of a hens egg almost over- 
night. It had remained stationary since that 
time. Examination showed a nodular mass in 
the left inguinal region with several surround- 
ing smaller masses. Extending directly above 
this was a still larger fixed intra-abdominal 
mass about 3 by 6 cm., apparently fixed to the 
lateral pelvic wall. 

A biopsy- of the inguinal mass was taken. 
Sections of the gland showed the entire gland 
to be completely replaced by very poorly 
differentiated neoplastic tissue. Most of the 
cells were arranged in w-horl-like forms. The 
nuclei w-ere either spindle or ovoid. They- 
invaded the walls of the vessels, and a tre- 
mendous number of neoplastic mitoses as well 
as giant cells, were noted. In other areas, 
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Fig. 6. Section of the skin through scar and tumor formation. Epithelium and 
cutis partly replaced by dense tumor infiltration, low power. 




- . t JU ^ 





Fig. 7. Superficial layers of tumor tissue, medium power; spindle cells. Cells differ in size, form and shape. 
Fig. S. Deeper layers show the tumor more edematous in character. Some myxomatous cell forms are 

present. 

Fig. 9. High power of deep layer of tumor; low grade of maturity, giant cells. 

Fig. 10. Section of the inguinal lymph gland, low power. Entire gland practically completely replaced bj- 

tumor tissue. 
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however, these neoplastic cells were so poorly 
differentiated, and showed such an unspecific 
arrangement, that the sarcomatous character 



Fig. II. Section of inguinal lymph gland, high 
power; cells of rather low grade of maturity; 
marked difference in size, form and shape; giant 
cells and mitoses. 


was even doubtful, although the diagnosis of 
sarcoma was sure due to the findings in other 
parts of the slide. Diagnosis; Metastases of 
sarcoma in a lymph gland with very poor 
differentiation, and a high degree of anaplasia. 

He was immediately referred to Dr. Levin 
for .v-ra^’’ therapy but the patient deferred this 
until April 12, 1940. At this time the examina- 
tion was the same as at the previous follow-up. 

Following an intensive course of radiation 
to the inguinal and femoral regions and lower 
left abdominal quadrant, there was prompt 
regression of the masses. 

Bj' JuB", 1940, the skin reaction from .x-ray 
had completely subsided and the patient had 
no complaints. There were no masses palpable 
in either the abdomen or inguinofemoral areas. 
No evidence of disease was found. A^-ray of 
the chest was again negative for metastases. 

The patient remained symptom-free until 
the latter part of September, 1940, at which 
time he complained of a slight pain in the right 
chest of several days’ duration. Examination 
revealed a few rales in the lower axillary region. 
Within thirty days a friction rub appeared in 
this region and later a nonproductive cough, 
dyspnea and low grade fever developed. At 
this time a recurrence of the mass was noted in 
the left subinguinal region which gradually 
enlarged until the time of his death. 

He required repeated thoracenteses to relieve 
the dyspnea associated with a bloody pleural 
effusion of the right pleural cavity. About two 
weeks prior to death he developed symptoms 
of partial intestinal obstruction which con- 


dition was one of the factors in the causation 
of his death. It was believed that the probable 
extensive involvement of the retroperitoneal 
nodes, as well as the abdominal viscera, ren- 
dered surgical aid unfeasible. The patient ex- 
pired on January 8, 1941. 

Summary oj Chief Findings at Autopsx^. 
Skin: There was a small metastasis to the 
anterolateral aspect of the left thigh and a 
smaller metastasis to the right scapular region. 
Peritoneal Cavitj^: A moderate amount of 
bloody fluid was present in the peritoneal 
cavity. Diffuse irregular nodules were scat- 
tered over the entire peritoneal surface and 
omentum. Gastrointestinal Tract; The gastro- 
intestinal tract showed compression of the 
splenic flexure of the colon due to numerous 
enlarged Ijmiph glands in the mesentery. There 
were multiple areas of adhesions between the 
loops of small bowel; its mesenter3% and the 
peritoneum, producing manj'- partial!}" ob- 
structed areas. Liver: The liver revealed 
multiple nodular metastases. Spleen, Pancreas, 
Kidnej's and Adrenals; The spleen, pancreas, 
kidneys, as well as the adrenals, showed no 
evidence of metastases. Sex Organs: With the 
e.xception of a moderate prostatic h3'pertroph3’, 
the sex organs were without evidence of pa- 
thology. Thoracic Cavity; The thoracic cavity 
showed a bloody pleural effusion on the right. 
The pleura on this side showed thickening of 
both layers and partial replacement b}" tumor 
masses. The right lung was grossi}" suspicious 
of metastases. The heart showed a moderate 
coronar}' sclerosis. Histological Sections; In 
none of the sections taken from the autopsy 
material was the histological structure identical 
with that of the primar}" tumor. Nowhere was 
the spindle cell character of the primary tumor 
observed. All of the sections showed more 
similarity to the picture seen in the section 
from the biops}" of the lymph-node, viz.; ver\ 
poorly differentiated neoplastic cells with 
numerous mitoses and giant ceils. 

DISCUSSION 

This case illustrates the importance of 
earh" proper care of burns including skin 
grafting. It also demonstrates the inade- 
quacy of pinch grafts over large areas or 
over areas subject to trauma. 

It is regrettable that an inguinal node 
dissection was not done at the time of 
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excision of the primary lesion; this might 
have prevented recurrence. Since, however, 
the tumor was quite vascular and sarcomas 
metastasize typically by the blood stream, 
we elected to omit dissection. 

It is interesting to note that a relatively 
mature fibrosarcoma produced rapidly 
growing anaplastic metastases. This ac- 
counts for the excellent though temporary 
response to radiation therapy. 

SUMMARY 

A case of fibrosarcoma developing on an 
old ulceration in a burn scar of forty-nine 
years’ duration, is reported. 

The tumor was treated by wide endo- 
therm excision followed by thick split skin 
grafts. The patient remained completely 
well for nine months, before developing 
anaplastic metastases to the inguinal and 
iliac nodes. The metastases were tempo- 
rarily controlled by radiation therapy, and 
the patient showed no evidence of disease 
for four months after treatment. Difluse 
general metastases occurred after this 
period, however, and the patient suc- 


cumbed nineteen months following his 
original operation. 

Carcinoma developing in burn scars is 
not uncommon, but sarcoma is extremely 
rare as we were unable to find another 
reported case, verified histologically. 
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MARJOLIN’S ULCER'^ 

REPORT OF A CASE 
Harold R. Browne, m.d. 

Courtesy Staff on Plastic Surgery, Albany Hospital, Albany 
DELMAR, NEW YORK 


W ITH railitar}’^ preparedness now 
under way our attention is directed 
toward the problems of military 
reconstructive surgerjr and how best to 
cope with them. One of these problems 
is the question of burns. It is here that 
we find a vast field for prophylactic 
surgery. During the first World War many 
severe burns, including those from explo- 
sives as well as aviators burns, were 
treated. It would be expected that such 
types of burns would be considerably more 
numerous in this present war. We may still 
see, in our time, further complications 
arising from the burns of the last war, 
as it has been demonstrated that the 
small percentage which shows degenerative 
changes on through to malignancy occurs 
from four months to thirty-two and one- 
half 3'ears later. 

In 1828, Marjolin described the patho- 
logic picture of malignancy occurring 
in burn scars. For many j'^ears it was 
called Marjolin’s ulcer. The original de- 
scription as it appeared in “ Dictionnaire 
de Medecine pratique” is as follows; 
“La surface de ces ulceres est formee 
par un tissu compose d’un grand nombre 
de villosites coniques, d’une texture dense, 
serree, tr^ rapprochees les unes des autres, 
representant en quelque sorte un velours 
de laine groosier. Ces ulcerations lais- 
sent suinter en petite quantite un fluide 
visqueux presque incolore, fetide, qui en 
se dessechant forme une croute epaisse, 
dure, grisatre, tres adherente. IIs sont 
peu douloureux au meme indolents et sus- 
ceptibles de prendre une grande etendue.” 

These ulcers may remain for a great 
many years as simple chronic ulcers before 


the insidious malignant change occurs. 
This usually begins at a portion of the 
margin and spreads slowly and progres- 
sivel}’’ though usually only a portion 
is malignant, the remainder being non- 
malignant. The edges are raised and 
indurated, the center ma3'' be filled with 
granulations, some health}'-, some sloughing 
and grayish in color. They exude a thick 
colorous viscid fluid which upon drjdng 
forms a thin crust which bleeds when 
removed. The odor is usuall}' foul. There is 
evidence of healing in spots where the 
cancerous tissue has sloughed to a normal 
base. One important feature of these ulcers 
is that they are painful and the pain is 
described b}"^ Paget as “hot, scalding and 
of a darting character.” By this time 
the floor of the ulcer and margins have 
become greatl}' indurated and the floor 
appears wavjy like a velvet plush. The 
lymph channels are blocked b}' the indura- 
tion and metastasis occurs late. The age 
of the scar is more important than the age 
of the patient. 

The prevention of burns is beyond 
our power but after the burn has once been 
received, much can be done to eliminate 
the inevitable sequellae. The primary 
treatment is of paramount importance in 
avoiding infection and thus promoting a 
good granulating surface, most desirable 
for skin grafting. 

It would appear safer to clean up any 
infection which usually exists, before ex- 
ploring the depth and nature of the growth. 
A biopsy can then be safely done and a 
thorough excision accomplished to a safe 
depth and width, preparator}' to skin 
grafting. 


Read before The Society of Plastic and Reconstructive Surgery at Chicago, October, 1940, 
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Treves and Pack collected over a twelve- 
year period 1,091 patients with epidermoid 
carcinoma of the skin and 1,374 patients 
with basal cell carcinoma. In twenty-eight 
instances these carcinomatous growths 
developed on the basis of burn scars, new 
and ancient; twenty-one were epidermoid 
carcinomas and seven were basal cell 
carcinomas. From these figures they esti- 
mated that about 2 per cent of all epider- 
moid carcinomas and per eent of all 
basal cell carcinomas originate on the 
skin which has been subjected to thermal 
injuries of all types. 

In igo2, DaCosta reported two cases 
of Marjolin’s ulcer in which he spoke 
of this pathologic entity as a rare condition. 
Strauss described two of his cases in which 
.v-ray and radium treatment probably 
played a factor in the carcinoma which 
developed in burn scars. 

Attention is also called to the Kangri 
burn cancer of India which results from 
the wearing of small charcoal stoves under 
the loose garment of the natives. It is 
stated that forty-five operations annually 
are performed for this type of carcinoma 
alone. Similar to the Kangri burn is the 
Kairo burn cancer of the Japanese resulting 
also from the wearing of a small portable 
stove for body warmth. 

From these cited statistics we observe 
that, although the cases are comparatively 
few as compared with burns as a whole, we 
are nevertheless dealing with a clinical 
entity which may lead to a disastrous 
termination if not recognized and dealt 
with properly. 

As stated before, everything possible 
should be done to obtain a good granulating 
surface. Then, when conditions warrant, 
this surface should be covered with a 
suitable skin graft, thus eliminating the 
train of infection, fibrosis, thick unyielding 
avascular scar and contraction. Then 
comes a period of freedom of clinical symp- 
toms only to be followed months or years 
later by repeated abrasions or irritation 
of the scar with poorer healing qualities 
each time, until the epithelial stimulation 


has been such that it now has reached 
neoplastic proportions. 

It is indeed fortunate that this neoplasm 
is situated upon such a fibrous, avascular 
base. Because of this, metastasis to the 
regional lymph glands is very slow and 
late, and the chance of a cure is favorable. 
Conversely, when the neoplasm breaks 
through this avascular scar its growth is 
extremely rapid and usually proves fatal 
after two years. 

A’-ray has proved of some use in the 
preoperative treatment of the basal cell 
cancers but neither .v-ray nor radium has 
any affect upon the squamous type. 

The case under discussion should be of 
interest for the following reasons: first, 
because of the age of the patient and the 
length of time intervening between the 
reception of the burn and the inception 
of carcinomatous changes occurring in 
the scar — a period of some thirteen years; 
second, because of the similarity to Mar- 
jolin’s ulcer both in the gross and micro- 
scopic; and third, because of the difficulties 
encountered over a period of 3"ears before 
the contractions were relieved, the infec- 
tion was controlled, the skin grafts were 
applied and the patient was apparenth' 
cured. The report of the case follows: 

CASE REPORT 

In December, 1926, when K. N. L. was four 
years old he was playing with a flaming broom. 
The left pocket of his playsuit was nearly full of 
matches of the nonsafety type. These became 
ignited and caused a deep eschar over the left 
groin varying in density as it approached his 
left chest, part of the left arm to the elbow and 
down the left leg on its anterior and lateral 
aspects to the knee. 

It was treated with oil and later on, with salt 
solution for nearly four months when pinch 
grafts were applied to the remaining granu- 
lating area. A curious fact is that these grafts 
were taken from both the father and the 
mother. The patient states that his father’s 
graft would not take but that his mother’s 
proved satisfactory. At least they “stemmed 
the tide” until epithelization intervened. 
A'-raj- treatments were given weekly for the 
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Again the patient was hospitalized in Feb- down to the muscles. This tissue was sent to 
ruary, 1940. The area was Dakinized for a few the laboratorj’^ where sections were cut out and 
days" and then gently scrubbed with soap and the specimen was lettered and photographed 



Fig. 2. Shows the after tiie first debridement Fig. 3. Epidermoid carcinoma invading 
down to the fascia lata. Tlie rem.aining tissue is granulation tissue at the base of the 

composed of granulation interspersed with old burn scar. None of the carcinoma 


carcinoma. 

« 

water, as advocated by Blair, Brow-n and 
others, in order to rid it of pyocaneus. It was 
determined, and a culture substantiated the 
opinion, that a debridement with cautery 
would be safe. This was accomplished and time 
was bided until a thorough pathologic study 
could be made regarding the nature of the 


was found to have gone completely 
through the fascia lata. 

as showm in Figure 4. As can be seen, the sec- 
tion was thoroughly gone over, and when the 
report came back negative for carcinoma we 
believed that a split skin graft could be ap- 
plied with fair certainty of no recurrence since 
there was no adenopathy. (Fig. 5.) The base 



Fig. 4. The specimen shown was dissected out eii masse 
down to the muscles. Areas which appeared suspicious 
of carcinoma were cut out and labeled so that should 
carcinoma be found in the deep layer the exact area 
could be determined. 

tissue and its extent. The pathologic report re- had a healthy layer of granulations over its 
turned epidermoid carcinoma grades i and n. entirety. With Padgett’s dermatome, approxi- 
(Figs. 2 and 3.) mately three drums of skin .016 of an inch 

\\ e had not gone sufficientlj’- deep nor wade thick were cut from the right leg and right 
enough as all about the area the scar was still chest. This thickness, w'e believed, in a boy of 

decidely thick. The skin ulcer this time was seventeen should provide a good covering wdth 
dissected en masse including the fascia lata fair certainty for a “take.” The grafts were 
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sutured on with interrupted Deknatel No. C 
and left long on the edges. The separate grafts 
were overlapped and sutured. A few stab inci- 


that most of the tissue which looked doubtful 
previously, was saved, as is shown in Figure 6. 
During this time the donor sites were covered 



Fig. 5. Shows the area after final debridement which is 
now covered with a healthy layer of granulations and is 
ready for grafting. 

Fig. 6. Showing the area ten days after grafting with .016 
of an inch split graft. The graft took in its entirety except 
at the upper pole where pressure was difficult to obtain. 


Most of this was saved by 
solution. 

sions were made for drainage. Three per cent 
xeroform gauze tvas cut to pattern and several 
layers were held in place by means of tying the 
long sutures across the graft. More gauze was 
smoothij'- applied and a Dakin’s tube was 
incorporated in the dressing. This whole dress- 
ing was held in place with bandages and elasto- 
plast. With this Dakin’s tube the dressing was 
continuous^ irrigated with 3 per cent boric 
acid solution and was not disturbed for eight 
days. The stitches were then removed. The 
edges were painted with 5 per cent Gentian 
violet and redressed with zeroform gauze, etc., 
as before. The graft looked w ell except that at 
its upper pole where it was difficult to obtain 
pressure. Dakin’s solution was used for three 
days, at the end of w hich time it was discovered 


the prompt use of Dakin’s 

with parresined gauze, 3 per cent xeroform oint- 
ment, gauze and elastoplast. They were again 
dressed at the end of a week and healed in from 
fifteen to twenty daj'^s, with no complications. 

In the lower left quadrant .v-ra}" telangiec- 
tases and scaling were beginning. It was noted 
that a slight contracture was developing in the 
left anterior axillar3’^ fold. In view of the pre- 
vious experience it was decided that this tissue 
should be removed at a later date, thereb}'' 
allowing the patient to get into better ph3'-sical 
condition. In July of this 3'^ear he returned to 
the hospital for what we hope is his final plastic 
repair. This time the .v-ra3^ telangiectases were 
removed and the axillar3' scar released and 
undermined. With the Padgett machine a sec- 
tion of skin, three b3'- eight inches and .018 of an 
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inch thick, was taken again from the right leg, 
cut to pattern and inserted into tltis denuded 
area. The dressings were essentially the same 
as before and the result was a too per cent 
“take.’’ Incidentally, there was microscopically 
a suspicion of carcinomatous changes, but since 
all scar tissue was deeply removed, I doubt if 
any concern regarding neoplastic recurrence is 
justified. 

The patient can now stand erect. The scar 
tissue is replaced by a mobile, elastic, normally 
functioning skin which gives freedom over the 
area of the trochanter which heretofore was 
covered by a thick, inelastic, immobile and 
avascular tissue, a tissue wliich had all the 
prerequisites for the degeneration of scar tissue, 
irritation, infection and resultant neoplastic 
changes or Marjolin’s ulcer. (Fig. 7.) 

COMMENT 

If our present day knowledge had been 
available in the beginning I am sure that 
this case would hat'e been managed 
differently. As soon as the primary shock 
\vas under control and a granulating stage 
of the burn was reached, no doubt Thiersch 
grafts would have been applied, if only to 
check fluid loss in order to prevent infection 
and to promote epithelization. Undoubt- 
edly, thicker grafts, by necessity of the 
contracting Thiersch grafts, should have 
been inserted here and there. The patient 
would have been spared the suffering dur- 
ing childhood plus the ultimate neoplastic 
results. Furthermore, changes in .v-ray 
technic have now greatly removed the 
possibilities of overdosage. 

For my patterns I have been using a 
heavy cotton flannel material used for 
padding under table cloths. This material 
M’ill not shrink appreciably upon boiling 
and when placed directly upon the blood- 
stained recipient area, an e.xact replica 
can be cut out. A four spout Dakin’s 
tube is used, connecting the tMO outside 
and the two inside tubes with a sufficient 
length of Penrose tubing to form loops of 
satisfactory size to cover the graft. Holes 
are burned in every quarter to one-half 


inch. This tubing is so pliable that when 
incorporated in the dressing no harmful 
pressure can be exerted upon the graft. 



Fig. 7. Shows the final result after 
grafting. At the present time a year 
has elapsed with no recurrence of 
malignancy. 

By this closed tube arrangement the dress- 
ing is kept moist (at eight drops a minute) 
regardless of the position of the patient 
or the location of the graft. In m3' opinion, 
careful attention to such details reaps its 
rewards in its final result. 
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RIEDEL’S THYROIDITIS 

A REVIEW AND REPORT OF TWO CASES 
Henry I. Goodman, m.d. 

NEW YORK, NEW YORK 


I N 1894, and again two years later, 
Riedel described before the Inter- 
national Congress of Surgery', a new 
pathological entity of the thyroid which 
created considerable interest. However, 
in 1864, Semple and in 1884, Bowlb}"^ had 
already described a case with clinical and 
pathological features verj' similar to those 
subsequent!)' noted b)' Riedel. This disease 
has since been described also under the fol- 
lowing nomenclature: Infiltrating Fibroma 
of the Thyroid (Bowlby), Eisenharte 
Strumitis (Riedel), Primar)' Canceriform 
Inflammation of the Thyroid (Berry), 
La Thyroiditis Ligneuse (Delore and Ala- 
martine), and Benign Granuloma of the 
Thyroid (Ewing). 

This varied nomenclature, though seem- 
ingly different, relates to a disease which is 
comparatively rare. Until 1926, thirty- 
three cases were reported by twenty-three 
authors and until July, 1939, we were able 
to find 14 1 cases which appeared to be 
typical cases of Riedel’s strumitis. In this 
article, only cases which have established 
beyond a doubt the pathological picture, 
grossl}' and microscopically, have been 
accepted as typical of Riedel’s strumitis. 
Cases reported as Hashimoto’s disease 
have not been included for reasons which 
will be given later. From a study of the 
enclosed tables, it will be seen that there 
has been an increase in the number of 
cases reported in recent years due, no 
doubt, to the fact that more thyroid- 
ectomies have been performed and more 
complete pathological studies made. It is 
also interesting to note that regardless of 
geographical distribution there has not 
been a very great variation of the incidence. 
Inasmuch as this disease is so important 
in a consideration of the diff’erential 


diagnosis and treatment between it, malig- 
nancy and Hashimoto’s disease, its impor- 
tance cannot be over emphasized. The 
average incidence in thyroidectomies of 
0.2 per cent is sufficiently low to warrant a 
more recent review of the subject and the 
report of two new cases. 

CASE REPORTS 

E. A., age forty-six, a white female house- 
wife, was first seen May 3, 1939. Her chief 
complaint was swelling of the neck for about 
two 3'ears. There were no other instances of 
goiter in the famil}'. Except for her father dj'ing 
of pulmonar}' tuberculosis, the famiB' historj' 
was negative, and the past history was 
irrelevant. 

For the past two years, the patient thought 
her health had been poor. She believed that 
she had had a goiter for two years, but the onset 
was so slow and gradual that she was not fully 
aware of its actual presence until relativeh- 
recently. At times, she had felt nervous and 
irritable. On occasion, she had noticed some 
palpitation, usually following some exertion. 
RecentU, she began feeling a sense of weight 
and pressure in the neck and at the same time 
became aware that her goiter was extremely 
hard. Sometimes, she would have parox3-sms 
of coughing lasting a short time. There was no 
d3'sphagia. The patient stated that she had 
lost fifteen to twent3' pounds in weight during 
the past month. 

At the ph3'sical examination the patient 
appeared to be considerabty underweight. 
The e.xamination of the neck revealed a fairly 
S3'mmetrical enlargement of both lobes of the 
th3'roid, measuring about 5 b3' 4 cm. The sur- 
face was smooth and the whole goiter moved 
easil3' on deglutition. There was no apparent 
fixation to surrounding structures. No glands 
were palpable. The most impressive feature 
of the examination was the ston3' hardness 
of the entire goiter. The clinical diagnosis was 
profaabl)' malignancy of the th3Toid. 
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On IMay ii, 1939, the patient was operated 
upon under evipal and gas-oxygen anesthesia. 
At operation, the goiter was found to be so 
hard that it was only with the greatest difficulty 
that it was possible to place hemostats as the 
resection was proceeding. It was quicklj’ 
realized that a classical thyroidectomy leaving 
the posterior capsule was technically impossi- 
ble. Only about half of each lobe was, therefore, 
resected. There was little bleeding. 

Pathological report: Macroscopic examination: 
The specimens labled “thyroid” measure 45 
by 25 by 20 mm. and 35 by 20 by 20 mm. Their 
free surfaces are bosselated and upon cross 
section, greyish white and extremely hard 
homogeneous tissue is revealed. 

Microscopic examination: The stained sec- 
tions show that the thyroid tissue has been 
entirely replaced by an extensive fibrosis, in 
which numerous tubercles are present. These 
tubercles which consist of numerous giant cells 
and occasionally with cpithelold cells, though 
atypical in structure, excite the suspicion of 
a possible tuberculosis of the thyroid. The 
macroscopic characteristics of the specimen, 
however, do not support this diagnosis, but 
excite the suspicion that we are dealing here 
with a so-called “Riedel’s Struma.” 

A search for a malignant process was made 
but resulted negatively. 

Diagnosis: Riedel’s Struma. 

Slides were submitted to Dr. Paul Klemperer, 
pathologist to hit. Sinai Hospital, New York 
City, for an opinion and he reported that al- 
though a tuberculous process cannot be 
eliminated with entire certainty, he feels 
reasonably sure that we are dealing with a 
“Riedel’s Struma.” 

The postoperati^•c course was uneventful. 
She was discharged on the seventh post- 
operative day. Primary union had taken place. 
On discharge, there still remained an area of 
hardness at the site of each lobe. On October 
24) 1939) examination of the neck revealed no 
evidence of previously noted indurations. The 
patient feels much Improved and was 
discharged. 

S. hi., age forty-two, a white female house- 
wife, was first seen January 14, 1941. Her 
chief complaint was goiter; duration two and 
one-half months. There was no history of 
chronic illnesses or goiter in the family, and 
the past history was Irrelevant. 

About two and one-half months before 


admission the patient noticed that her neck 
was becoming a “little stiff” following a histor}^ 
of throat infection. She had had difficulty in 
swallowing for a short time and still felt a 
sensation of tightness in her neck. At times, 
she felt somewhat dyspneic. She did not cough. 
She had noticed a hard swelling in her neck 
in the region of the thyroid gland. This swelling 
had not inereased appreciably. At times, her 
voice was a little hoarse. There was no tremor. 
Sometimes, she felt irritable, but otherwise 
considered herself to be in good health. Her 
present weight was 135 pounds which was the 
most she had ever weighed. 

Pbs''sical examination revealed a patient well 
nourished who appeared verj" complacent. The 
examination of the neck revealed a stonj"^ hard- 
ness in both lobes of the thjToid. The right 
lobe was a little larger than the left which 
measured 5 by 3 cm. The surface of the goiter 
was smooth and there was no fixation to sur- 
rounding structures. The whole gland moved 
e-asiR on deglutition. There were no palpably 
enlarged glands. Examination of the vocal 
cords revealed a lagging of the right cord. 
The clinical diagnosis was chronic thyroiditis 
secondary to nasopharyngial infection, possibly 
Riedel’s thyroiditis. 

On January 15, 1941, the patient was oper- 
ated upon under gas-oxygen anesthesia. The 
thyroid was exposed through a collar incision 
with separation of the ribbon muscles in the 
midline. The capsule of the thyroid was con- 
siderably thickened, greyish in color and 
smooth as though covered with an organized 
exudate. Early evidence of fixation was ap- 
parent. Keeping in mind the possibilitj'^ that 
this might be Riedel’s thjaoiditis, a classical 
resection was not attempted. Rather, a resec- 
tion was done which completel3’^ exposed the 
trachea as a decompressive procedure. There 
was little bleeding. The wound was closed in 
anatomical order, leaving a small amount of 
drainage material on each side of the trachea. 

Pathological report: Macroscopic examination: 
Specimen consists of two portions of tissue 
measuring about 3 b^”- 4 cm. On cross section, 
it cuts firmh'. The cut surface is homogeneous 
in appearance and grejnsh in color. 

Microscopic exammation: Sections of the 
portions of the thj’^roid gland show a marked 
overgrowth of fibrous connective tissue dividing 
the thyroid into islands. Tliroughout, there is 
an infiltration of plasma cells and Kmphocytes. 
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Tubuiclc-likc areas wilii {'ianl cells are noted. 
These, ho\se%'er, do not indicate the presence ol' 
tuberculosis. No evidence of malignant changes 
are seen in the sections examined. 

Diagnosis: Thyroiditis, Reidel’s Struma. 

Dr. F. W. Ste^\art of the iMcmoriai Hospital 
is also in complete agreement \\ ith this diagno- 
sis. 

Her postoperative course was uneventful. 
She was discharged on the seventh postopera- 
tive day. Primary union had taken place. The 
patient states that she no longer has sensation 
of tightness in her neck. Basal metabolism 
taken two weeks after discharge was —21. 


Author 

1 

No. Thy- 
roid- 
ectomies ' 

i 

Ricdtl 

Per- 

centage 

! 

Scholffer 1 

450 

I 

0 20 

Riedel 

1,064 

3 

0 37 

Berry j 

yOO 

I 

0 0 

Schultz j 

305 

3 

0 98 

Smith and Clute 

1,200 

5 

0 41 

Enderlen 

3.396 

I 

0 03 

Jackson j 

2,000 

I 

0 05 

Eberts 1 

1,015 

I 

0 10 

Frazier ! 

1. 551 

4 

0 26 

Pemberton 

12,219 

34 

0 28 

JoII 

5,650 

10 

0 50 

Etsen 

2,908 

7 

0 24 

Graham 

1 7,826 

27 

0 15 

Joyce 

1,060 

1 

5 

0 47 

1 


The etiology is obscure. The disease has a 
strong predilection for the female sex, 
about a three to one ratio. It occurs in 60 
per cent of cases between the fourth and 
fifth decades. The youngest reported case 
was found in a girl of four years, the oldest 
case in a man seventy-eight years old. In 
30 per cent of the cases, there is a history 
of a pre-existing goiter. Focal infection has 
been stressed as a cause. Bohan mentions 
the teeth; phar^mx and tonsils were sug- 
gested by Monod, Searls, and Meeker. 
Lues, at one time, w^as thought a probable 
etiological factor by Monod, Delore and 
Alamartine, and Kuettner. Ho\vever, in 
none of the cases reviewed could lues be 
established as a factor. Tuberculosis was 
also prominently mentioned as a cause by 
Schloffer, Crotti and Plummer. This theory 
has also been abandoned. Meeker men- 


tioned the possibility of a relationship 
between remnants of the postbronchial 
body and Riedel’s disease. Meyers con- 
siders Riedel’s disease as a chronic granu- 
lomatous type of chronic inflammation. In 
one of his cases, he noted a histological 
picture of plasma cells and eosinophiles 
similar to that seen in Hodgkin’s disease, 
except for the absence of Steinberg cells 
Ewing, Schultz and Meeker also support 
this theor3^ Williamson and Pierce classify 
Riedel’s disease as a lymphadenomatous 
goiter. 

Pathologically, one or both lobes of the 
thyroid may be involved entirely or par- 
tially. The gland is “stony” hard and in 
earlier stages, pale pink and limited to the 
normal confines with few’ adhesions to 
surrounding structures. The surface of the 
gland is smooth and cuts like cartilage. The 
capsule is thickened. The normal lobulation 
may be lost. As the disease progresses, the 
process may extend in extreme cases from 
the bifurcation of the trachea to the base of 
the skull, enveloping the blood vessels and 
ribbon muscles into one diffuse mass 
(Monod, Berry). The trachea, at first 
deviated, becomes later a flattened struc- 
ture resembling a scabbard. With this 
compression of the trachea, paral j’sis of one 
laryngeal nerve is not unusual. The esopha- 
gus is rarely Involved. Because this process 
is apparently not infiltrative in character, 
no invasion of neighboring structures is 
noted. The lymphatic glands are not in- 
volved. No involvement of the sympathetic 
chain has been reported. With the excep- 
tion of cases reported by Monod and Berry, 
observations agree that the skin remains 
uninvolved in Riedel’s thyroiditis. 

Microscopically, the characteristic fea- 
tures are those of a chronic inflammator}’ 
process wdth extensive replacement of 
thyroid tissue by fibrous tissue which 
appears to be slowdy strangulating the 
remaining islands of thyroid tissue. This 
picture apparently represents the terminal 
rather than the initial stage of the disease. 
In earlier stages, an infiltration consisting 
of lymphocytes, plasma cells, neutrophiles 
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and eosinophiles, appears in the intralobar 
tissue. The infiltration then perforates the 
capsule and spreads into the surrounding 
tissue. Gradually this inflammatory in- 
filtration is replaced by extensive prolifera- 
tions of connective tissue. The process in 
Riedel’s disease is unilateral in about 40 per 
cent of the cases; the mass is seldom larger 
than a goose’s egg with muscle tissue usu- 
ally adherent to the gland. The cut surface 
is dull white with areas of colloid containing 
tissue. Microscopically, diffuse lymphocytic 
infiltration is absent. In the paren- 
chyma, there are no traces of epithelium or 
colloid, except near the periphery. Beyond 
the fibrotic areas may be seen colloid con- 
taining vesicles in full activity. The fibrotic 
areas are composed of adult fibrous tissue 
with few cells and much hyalinization. 

In 1912, Hashimoto described four cases 
which, though seemingly related to Riedel’s 
disease, had so many diff erent features that 
it was considered a new disease of the thy- 
roid. At this point, it would be well to 
emphasize that Riedel, in his presentation, 
particularly mentioned the absence of 
functional disorders of the gland, either 
before or after the operation. Further, he 
made no mention of any lymphoid infiltra- 
tion. Then Ewing, in 1922, following his 
studies of four cases, concluded that both 
Hashimoto and Riedel were describing 
different processes of the same disease, 
Hashimoto the early, and Riedel the final 
stages, respectively. Joll has recently re- 
opened the controversy and is apparently 
justified. 

Graham, Joll and McCollough believe 
that no relation exists between Riedel’s and 
Hashimoto’s disease for the following 
reasons: (i) Hashimoto’s disease is confined 
to women over forty-five years of age. 
Riedel’s disease may occur at any age. Men 
are afflicted as often as women. (2) Regard- 
less of an operation, Hashimoto’s disease 
tends to develop myxedema, frequently 
preoperatively. Riedel’s disease, even after 
surgery, rarely leads to defective function. 
(3) Hashimoto’s disease is diff use from the 
onset; no part of the gland escapes. In 


Riedel’s disease, localizations to part of a 
gland are not uncommon. (4) Widespread 
formation of delicate connective tissue is 
found resembling that in lymphadenoid 
goiter. In Riedel’s disease, dense fibrosis 
resembling scar or keloid formation is found 
even in early stages. 

Subsequent observations have appar- 
ently not substantiated all the above made 
statements. Shaw and Smith report one 
case of Riedel’s thyroiditis associated with 
similar changes in the adrenal glands. 
Again, Perman and Wahlgren, in 1927, 
reported an operation for Riedel’s disease 
in a chronic partly suppurating and necros- 
ing thyroiditis. In 1929, Heyd reported a 
case, the specimen from which at the first 
operation, was reported as Hashimoto’s 
disease. At re-operation thirteen months 
later for recurrence, the specimen suggested 
Riedel’s disease because of a diminution of 
the number of lymphocytes and an increase 
in fibrosis. 

CLINICAL PICTURE 

Subjectively considered, the outstanding 
feature is dyspnea, occurring in 50 per cent 
of cases, a dyspnea out of all proportion to 
the increase in the size of the gland. Other 
pressure symptoms noted are dysphagia, 
dysphonia, a dry cough and in more ad- 
vanced cases, stridor. In the early stages, 
the patient may be aware of thyroid en- 
largement for a relatively short time. Palpi- 
tation, nervousness, irritability, tremor, 
hyperhydrosis and loss of weight are rela- 
tively common. Pain, either localized to the 
neck or radiating to the ears, shoulder or 
chest, is often present. The average dura- 
tion of these symptoms is about ten 
months. 

The general health seems fairly good. 
With evidence of m^'xedema almost lack- 
ing, the thyroid, in early stages, ma}- show 
a localized unilateral or a diffuse symmetri- 
cal enlargement which is always smooth. In 
40 per cent of the cases, the enlargement is 
unilateral. In more advanced cases, the 
thyroid and surrounding structures are 
fused into a diffuse mass with complete 
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fixation of the thyroid. This mass maj’ 
occupy the entire neck anteriorly. The 
cervical glands arc not involved. Very 
significant also is the lack of involvement 
of the skin. The trachea is usuallj' deviated 
and on laryngeal examination, paralysis of 
one vocal cord is not unusual. Although, 
Bohn, Waigatc, Schultz, and others report 
cases showing mild toxic symptoms with 
elevation of basal metabolism. This and 
other laboratory tests are not significant 
except for radiographic evidence of dis- 
placement and compression of the trachea. 

DIFFERENTIAL DIAGNOSIS 

1. Maliptancv. (a) The great majority 
of the malignancies of the thyroid are 
grafted on previous adenomas and are in 
patients over forty-five years of age. (b) 
Rapid growth of the goiter without serious 
impairment of health favors Riedel’s thy- 
roiditis. (c) Skin and glands are involved in 
malignancy but not in Riedel’s disease, fd) 
Pain is more frequent and severe in malig- 
nancy. (e) There are invariable voice 
changes in malignancy of the thyroid. 
Dysphagia, relativelj' minor in Riedel’s 
thyroiditis, is an important symptom in 
malignanc^L (f) The surface of the thyroid 
is nodular in malignancy, but smooth in 
Riedel’s disease. Malignancy of the thyroid 
may be associated with disturbances of the 
circulation. 

2. Hashimoto' s Disease. There are: (a) 
Preponderance in women between forty- 
five to sixty years of age; (b) tendency to 
myxedema; (c) uniform enlargement of the 
gland lacking the stony hardness of Riedel’s 
disease, (d) Pressure effects are seldom as 
severe as with Riedel’s disease, (e) Riedel’s 
disease shows a questionable response to 
radium. Hashimoto’s disease responds quite 
promptly. 

3. Infectious Thyroiditis. There is a 
history of a previous gastrointestinal infec- 
tion. Hyperthyroidism is a prominent 
feature in thyroiditis. The consistency of 
the thyroid is not as hard as in Riedel’s 
disease. There may be redness, tenderness 


and adherence of the overlying skin. The 
presence of pus, fever and leucocytosis 
favors infectious thyroiditis. 

4. Tuberculosis. The thyroid may be 
enlarged and firm. It may rapidly infiltrate 
the surrounding tissues. The mass is hard 
and painful, occasionally breaking down to 
form a sinus. Adjoining lymph-nodes arc 
invoK-ed. There usual!}’ is some evidence of 
tuberculosis in the tonsils, sublingual and 
parotid glands. Evening fever may be 
present. Some hyperthyroidism is also 
present. Other stigmata of tuberculosis 
arc prc.scnt. 

5. Lues. Gumma is usually associated 
with enlargement of the gland. It occurs 
more often among women between the ages 
of twenty-fi\’c to forty-five. In about 50 per 
cent there is a previous history of goiter. 
Unlike in Riedel’s disease, the skin is red- 
dened and tender. The surface of the gland 
may be smooth or nodular and soft. The 
regional glands are enlarged. There is a 
tendency to suppurate. The Wassermann 
test will prove helpful. 

6. Phlegmon. This usually occurs in 
men of middle age. There usually is a 
preceding infection (mouth, pharynx, sali- 
vary gland). The mass is very hard, covered 
by a red adherent skin. Death may re- 
sult from laryngeal edema, pressure or 
exhaustion. 

7. Actinomycosis. There is an early 
board-like hardness of the neck which later 
softens. A sinus then forms discharging 
yellow granules which are typical of the 
disease. 

DIAGNOSIS 

Before any treatment is begun, every 
attempt to make a correct diagnosis should 
be made. Malignancy of the thyroid and 
Hashimoto’s disease will probably be the 
most difficult. The therapeutic effect of 
radium should prove most helpful because 
of the prompt response of Hashimoto’s 
disease. The special characteristics of 
Riedel’s disease should offer no special 
difficulty in distinguishing it from malig- 
nancy, provided that whenever malignancy 
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of the thyroid is suspected, Riedel’s disease 
will also be considered. 

TRE.ATMENT 

If an absolute diagnosis cannot be 
clinically established, it will then be advis- 
able to perform a biopsy. Such a biopsy can 
be done without risk and is entirely justifi- 
able. The first object of treatment in 
Riedel’s disease is the relief of pressure. 
Success has been reported with radium by 
Renton, Charteris and Heggie and with 
.v-ray therapy by Silatchek, Maloney and 
others. However, keeping the gross and 
microscopic picture of true Riedel’s disease 
in mind, it seems improbable that these 
agents can exert any but the slightest 
eff^ect. The treatment, therefore, remains 
essentially surgical. Radical surgery is not 
only unnecessan,- but dangerous. Attempts 
at extirpation of the diseased thyroid have 
been followed by a high mortality and the 
most serious of complications. When only a 
small wedge of tissue is removed, as for a 
biopsy, it has been repeatedly observed 
that the pathology will retrogress and in 
many instances, all induration of the neck 
will have disappeared within a few months. 
The first essential is to make a wedge resec- 
tion just over the trachea so as to relieve 
the pressure. In most cases, this has been 
sufficient to give the patient relief and cure. 
Where radical attempts at remo^•al were 
made, injury to the trachea, esophagus and 
great vessels have been reported, as well as 
injury to the recurrent nerves resulting in 
bilateral abductor paralysis. Tracheotomy 
has been necessary in the more advanced 
cases. 

SUMMARY 

Riedel’s disease is comparatively rare, 
and in large series of thyroidectomies, its 
incidence remains fairly constant. Riedel’s 
disease must be distinguished from Hashi- 
moto’s disease. The criteria for this differ- 
entiation have been given. Inasmuch as the 
prognosis and treatment are different in 
Riedel’s disease, malignancy and Hashi- 
moto’s disease, a biopsy is advocated in 


doubtful cases. Not only is radical resection 
dangerous in Riedel’s disease but it is 
distinctly contraindicated. Wedge resection 
over the trachea to relieve pressure is 
advocated. The future value of radium and 
.v-ray therapy remains to be considered. A 
report is made of two cases of Riedel’s 
disease. 

CONCLUSIONS 

1 . Riedel’s disease is comparatively rare. 

2 . Riedel’s disease and Hashimoto’s dis- 
ease are distinct clinical entities. 

3. The treatment is based upon an exact 
differential diagnosis, aided if necessary, by 
biopsjL 
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EXSTROPHY OF RECTAL MUCOSA 


Jerome M. Lynch, m.d. and 

Attending Proctologist. New York Polyclinic Medical 
School and Hospital 

NEW YORK, 

XSTROPHY of the rectal mucosa 
is becomins: a rarity. The condition 
merits discussion since its symptoma- 
tology is crippling and its surgical cure is 
often simple. 

This syndrome usually is a late complica- 
tion of the radical excision of hemorrhoids, 
especially if the choice of operation has 
been ill advised or its performance faulty. 
The operation described by Whitehead 
in 1S82 vas peculiarly susceptible to both 
of these errors in the hands of the relatively 
inexperienced. There can be no doubt 
that certain cases do merit some similar 
procedure but such cases are fe\v and far 
between and demand special skill on the 
part of the operator. Unfortunately, neither 
of these facts was appreciated by the rank 
and file, although obvious to the expert. 
Hence, many patients were subjected 
to unnecessarily severe operative proce- 
dures which often resulted in crippling 
complications. 

Y'hitehead^ described the operation as 
follows : 

“i. The patient, previously prepared 
for the operation and under the complete 
influence of an anesthetic, is placed on a 
high, narrow table in the lithotomy 
position, and maintained in this position 
either by a couple of assistants or by 
Clover’s crutch. 

“2. The sphincters are thoroughly para- 
lyzed by digital stretching, so that they 
have ‘no grip,’ and permit the hemorrhoids 
and any prolapse there may be to descend 
without the slightest impediment. 

‘‘3* i-^se of scissors and dissecting 

forceps, the mucous membrane is divided 
at its juncture with the skin round the 
entire circumference of the bowel, every 
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irregularit\' of the skin being carefully- 
followed. 

“4. The external and the commence- 
ment of the internal sphincters are then 
exposed by a rapid dissection and the 
mucous membrane and attached hemor- 
rhoids, thus separated from the submucous 
bed on which they rested, are pulled bodily 
down, any undivided points of resistance 
being snipped across, and the hemorrhoids 
brought below the margin of the skin. 

“5. The mucous membrane above the 
hemorrhoids is now divided trans\-ersely 
in successive stages, and the free margin 
of the severed membrane above is attached, 
as soon as divided, to the free margin of 
the skin below by a suitable number of 
sutures. The complete ring of pile-bearing 
mucous membrane is thus removed. 

“Bleeding vessels throughout the opera- 
tion are twisted on division.” 

This differs from his original technic 
in that islands, or rather peninsulas of 
mucous membrane, are no longer preserved 
and these anchors to windward are sorely- 
missed. 

The complications of this technic, even 
when properly- performed, are failure of 
primary- union, leading to stricture forma- 
tion and destruction of the sensitive ors;ans 
of the lower end of the rectum. This 
stricture is a particularly- difficult one to 
deal with since it necessitates not only- 
excision of the scar tissue but exact 
coaptation of the mucous membrane and 
skin at the precise point where nature 
intended the mucocutaneous junction to 
find itself. Failure to attain this difficult 
goal will give rise to one of two sad 
syndromes. These are similar to the 
complications resulting from poor technic 
in the performance of the Whitehead 
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operation and hence will be described 
with them. 

Mr. Whitehead, in describing his technic. 



Fig. I. Exstrophy of rectal mucosa following an 
imperfect operation for hemorrhoids. 

expressed himself poorly so that one who 
failed to study the paper might be misled 
upon two most important points, namely, 
the exact site of the first incision and the 
structures to be united with sutures. 
The exact site of the first incision should 
be into the mucous membrane just above 
the mucocutaneous junction since only in 
this manner can the cut borders of the 
caudad and cephalad mucous membrane 
be united. If the first incision be made 
through skin, then, barring a miracle, 
one of two complications will surely follow: 
Either the mucosa will be drawn down 
outside of the canal and exstrophy result 
or, more rarely, the skin will be drawn 
up into the canal. 

Exstrophy of the mucous membrane 
may produce any or all of the following 
sjTOptoms: a constant sensation of mois- 
ture about the parts, a burning sensation, 
a foul feculent odor, pains of darting, 
dragging, or neuritic nature. The latter 
are usually labelled neurotic, or worst 
of all, incontinence. 

If the skin be drawn up into the canal, 
it will soon become moist, sodden and 


excoriated. Later a feculent discharge 
will be produced which will irritate, burn 
and sting until life is almost unbearable. 

The simple operation of ligation and' 
excision of hemorrhoids may result in 
similar pathology if too much skin is 
excised. This mistake is easil}' made if 
there are many skin tabs and the surgeon 
tries for too perfect a cosmetic effect. The 
exstrophic mucous membrane will then 
resemble a clover leaf. If onlj' one of 
these is present, it is often mistaken for a 
fissure. 

These accidents are preventable in the 
main. No one should attempt such a 
radical procedure unless it is certain that 
no other therapy will effect a cure and then 
onlj' if the skill of the operator is un- 
questioned. For many years it has been 
the custom in many hospitals for most 
rectal operations to be turned over to the 
internes. This not only leads to bad 
surgery during their period of training, 
but launches them into private practice 
improper!}- trained and with little under- 
standing of the anatomic and physiologic 
principles which should govern rectal 
surger3^ It is appalling how manj' surgeons 
and even self-designated proctologists, are 
unfamiliar with the work of such men as 
Milligan, Morgan- and Levy^ who have 
clarified the anatomy of the pelvic outlet. 
No one would dream of operating upon 
any other part of the body without first 
learning its anatomy, yet the rectum is 
assaulted daily by operators who have 
had no real surgical training. 

The surgical cure of exstrophy of the 
rectal mucosa demands a plastic operation 
and elasticity negatives a rigid technic. 
The surgeon’s own good judgment, as he 
proceeds with the operation, must be his 
guide. It is, however, very helpful to 
consider all possible methods before com- 
mencing to operate so that little time ma> 
be lost in pondering the most suitable 
method of meeting the immediate problem. 
We have found the following technic a 
simple one to alter when exigencies, 
encountered at operation, demand. 
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PROCEDURE The free border of the bowel is grasped 

After adequate preoperative preparation, with forceps. The scar tissue is excised 
the patient is placed upon the operating exposing a portion of the external sphinc- 
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tissue 





Fig. 2. Incision through mucosa. 

Fig. 3. Radial incisions. 

Fig. 4. External sphincters partially exposed. 

Fig. 3. Suturing mucosa. 

table in the lithotomy position or the left ters. The redundant gut is e.xcised and its 
Sims’ position and the area is cleansed free border is attached to its proper site 
with 10 per cent tannic acid in alcohol, with interrupted sutures. Radial incisions 
Anesthesia is attained through infiltration are made in the skin and their edges arc 
with ^ o per cent novocaine. trimmed in such a manner that the skin 

An incision is made through the mucous meets the mucous membrane and is main- 
membrane iust cephalad to its iunction tained in position, without strain, by 
with the scar tissue and e.xtendlng the interrupted sutures. The following cases 
whole circumtcrence of the c.xstrophy. illustrate variations in this technic. 
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CASE REPORTS 

Case i. A boy, aged twelve, v as born with 
an imperforate anus. A series of operations 

I' > 

*{ 

h ' 



transfixed and ligated. The excess bowel was 
then e.xcised. At 9 and 1 1 o’clock the structures 
were treated in the same manner. All bleeding 





Fig. 9. 


(«? JUP 

Fig. 6. Closing radial incision. 

Fig. 7. Method of evcising redundant mucosa. 

Fig. 8. Scar tissue to be excised. 

Fig. 9. Operation complete. 


performed elsewhere had left him with an 
exstrophic perineal stoma and complete incon- 
tinence of feces. 

Local anesthesia (novocaine per cent) x\as 
administered. With the patient in the left 
Sims’ position, the perianal area was infiltrated 
with ?-< per cent novocaine solution. The 
exstrophic mucous membrane extending from 
5 to 12 o’clock was dissected free abox'c the 
mucocutaneous junction. The redundant bowel 
in the posterior line v as delix'ered and a pedicle 


points were clamped and tied. The wound was 
packed wath gauze. 

The bo3' gained almost complete control of 
his bowels and was allowed to go to camp and 
associate with other bo^'S on an equal footing 
for the first time in his life. It is probable that a 
similar operation on the other side will gixe 
complete control. 

Case ii. A woman, aged fiftj'-fnc, com- 
plained of a constant burning pain about the 
anus and occasional shooting pains into the 
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rectum. Slie had undergone four operations for 
liemorrhoids before consulting us. Exstrophy 
of tile mucosa was present throughout the en- 
tire circumference of the bowel except from 
8 to 9 and 3 to 4 o’clock at which two points 
there were peninsulas of skin e.xtending up to 
the original mucocutaneous junction. 

The operation consisted of the excision of 
the redundant mucosa at the level of the inter- 
muscular septum and the control of bleeding. 
It was not considered necessary to suture the 
bowel in place since its position was maintained 
by the anchors left at the extremities of the 
transverse diameter. The wound was packed 
with gauze soaked in 10 per cent tannic acid in 
alcohol to encourage healing by granulation 
without scarring. 

The patient states that she is much improved. 

Case hi. A man, aged fifty-five, had under- 
gone simple hemorrhoidectomy elsewhere. Ap- 
parently there had been many skin tabs and 
the surgeon had removed too much skin leav- 
ing a clover leaf exstrophy. The patient was 
complaining of a severe burning pain and pruri- 
tus ani. 

Under }■> per cent novocaine anesthesia, the 


“clover leaves” were excised. The skin edges 
were freed and sutured together without ten- 
sion. The wound was packed with gauze soaked 
in 10 per cent tannic acid in alcohol. The symp- 
toms disappeared completely. 

SU.MMARV 

1. Exstrophy of the rectal mucosa may 
produce crippling symptomatology. 

2. It may be a late complication of the 
radical excision of hemorrhoids or even 
follow simple hemorrhoidectomy injudi- 
ciously performed. 

3. Usually it may be avoided by a more 
careful selection of cases and a more 
thorough training for surgeons. 

4. A plastic operation for its cure is 
described together with three variations 
in technic. 
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PREGNANCY AND DELIVERY WITH AN 
INTRAUTERINE PESSARY IN THE CERVIX* 


Thurston S. Welton, m.d. and Oren Ellingson, m.d. 

BROOKLYN, NEW YORK 


A LTHOUGH modern medical teaching 
/"A credits intrauterine contraceptive 
appliances with only historical 
significance, their use is, unfortunately, 
still quite common, especiaHy among those 
persons desiring a contraceptive device 
which relieves them of the “bother” asso- 
ciated with most present daj’- methods. 

The most commonly used of these is the 
gold plated “button” or “wish-bone” type 
of intrauterine stem. They are usually 
introduced after capping the pronged ends 
with a digestible capsule which permits 
easy introduction into the cervdcal canal 
and causes the spring to be subsequently 
released, thereb}' retaining the stem in the 
uterine cavity. It is usually left in place for 
months or years and is removed only for 
periodical cleansing. Thej' do not com- 
monly interfere with menstruation. Their 
apparent effectiveness is probably depend- 
ent upon the production of chronic endo- 
metritis, preventing nidation or bringing 
about an early abortion. 

The literature is replete with articles 
pointing out the dangers attending the use 
of these devices.’ They act as ladders for 
ascending infection into the uterine cavity, 
thus frequently causing salpingitis, endo- 
metritis and peritonitis. They call for the 
presence of a foreign body in the cendcal 
canal and uterine cavity over long periods 
of time with consequent irritation, infec- 
tion and possible carcinogenic action. They 
risk perforation of the uterus at the time of 
introduction. The intrauterine spring type 
frequently results in the imbedding of the 
prong within the uterine wall, and in a few 
cases, these have caused perforation of the 
uterus.- Extrauterine pregnancy, probably 
favored by the endometritis and salpingitis 


accompanying the irritating foreign body, 
has been reported.®'^"’ 

Although intrauterine gestations do oc- 
cur, thej’^ usualljf result in earl}-- abor- 
tions.® The German literature contains two 
cases of pregnancy in the presence of an 
intrauterine stem pessary, one, a full term 
living child."'® 

A case of delivery of a seven-month living 
infant, in spite of the use of an intrauterine 
stem pessar}% is reported here: 

CASE REPORT 

E. K., age thirty-seven, a white gravida 
vni, para vii, was enrolled in the Out-patient 
Obstetrical Clinic of Greenpoint Hospital on 
January* 23, 1941, and informed the e,\'aminer 
that her membranes had just ruptured. This 
fact was established by rectal e.vamination and 
the patient was immediate!}' admitted to the 
hospital. 

In January, 1937, the patient had had a gold 
plated intra-utcrine “wish-bone” type stem 
pessary introduced by a physician for contra- 
ceptive purposes. She was told that, although 
pregnancies might occur, they would quickh- 
terminate in early, spontaneous miscarriages. 
When the pessary was remo\'cd a year later for 
cleansing, the patient promptly became preg- 
nant and delivered a full-term infant in the 
breech position on October 28, 1939. This child 
died eight months later from measles com- 
plicated by meningitis. The pessary was then 
re-introduced in January, 1940. \S’hcn the 
patient reported to her physician in July for 
removal and cleansing of the appliance, she 
was found to be about three weeks pregnant. 
Her last menstrual period was July 3, 1940. 
Attempts at removal of the pessary were un- 
successful and resulted in considerable bleeding 
which continued for two weeks. Because the 
patient did not want to lose the pregnancy she 
did not seek further medical care until corning 
to Greenpoint clinic at the time her membranes 
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Fig. I. A-ra\ slio\sing stem-pessan in the pcl\is close to 
fetal skull. 



Fig. 2 . Photograph of infant shown holding the pess.ir\ 
which was imbedded in its scalp. 
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liatl nipluix-d. The anleparluni course was 
otherwise uneventful. Fetal movements were 
noted three months prior to admission. There 
had been no edema, nausea, emesis, headaches, 
vertigo, dyspnea, constipation or vaginal 
bleeding. 

The patient was married nineteen t-ears. Her 
husband was living and well. She had had seven 
full-term pregnancies all spontaneous; two were 
breech deliveries. The largest baby was 12 
pounds at birth. One child born in 1922 lived 
one month. The cause of death was undeter- 
mined. One spontaneous abortion of one 
month’s gestation occurred in 1932. 

On admission a purulent foul smelling watery 
discharge was seen coming from the vagina. 
Rectal examination revealed the cervix to be 
thick and from the os, which was dilated about 
2 cm., a hard object protruded. This, was a 
stem-pessary. The vertex was 3 cm. above the 
spines of the Ischia and the fetal membranes 
were ruptured. 

A flat plate .x-ray of the abdomen revealed a 
seven-month fetus in vertex presentation with 
a stem-pessary visible in the pelvis in close 
apposition with the fetal skull. (Fig. 1.) 

Labor pains began at 12 a . m . on January 25, 
just forty-eight hours after rupture of fetal 
membranes. At 6 p.m. the patient was spon- 
taneously delivered of a well formed seven- 
month fetus, 36.3 cm. long, weighing 2 pounds 
6 ounces. The stem-pessan' tvas imbedded in the 
fetal scalp but was easily removed, leaving a 
noticeable but transient impression of the 
instrument. The infant was placed in a David- 
son incubator and respirations of a weak, 
shallow character were soon established, al- 
though no crj' was evidenced. The infant was 
apparently normal except for the depression in 
the scalp and a bluish discoloration of the right 
foot and fifth left digit. (Fig. 2 ) 


The placenta was delivered intact spontane- 
ous!}' ten minutes after delivery of the child. 
Blood loss was 100 cc. Ergotrate, Jiao gr* 
given intramuscularly to the mother and she 
was returned to the ward with a temperature of 
ioi.2°F. and pulse of 120. The temperature had 
been constantly elevated during labor and it 
was believed that intragenital infection was the 
etiologic factor. 

A daily prophylactic dose of sulfathiazole, gr. 
12, four times a day, was given although no 
uterine culture had been taken, and the tem- 
perature gradually subsided to normal on the 
sixth day postpartum. Ethenyl estradiol, 5 gr., 
was given three times a day for three days to 
inhibit lactation. On the tenth day postpartum 
the patient was discharged to the out-patient 
department with a well involuted uterus, clear 
parametria and adnexae and good pelvic 
support.* 

The mother was examined six weeks after 
delivery and was found to be in good general 
condition. The pelvis was found to be essen- 
tially that of a normal multipara. 
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♦ The infant was discharged from the hospital skty- 
seven days postpartum in good condition weighing six- 
pounds three ounces. 



PRIMARY OVARIAN PREGNANCY* 


CASE REPORT 


Edwin Breck Eckerson, m.d. 

NEW YORK, NEW YORK 


I N 339 cases of ectopic pregnancy at 
St. Luke’s Hospital in the past forty 
years, the following one is the only 
case of primary ovarian pregnancy, an 
incidence of 0.2 per cent. 

CASE REPORT 

The patient, A. B., was a thirty-eight-year 
old German woman who was separated from 
her husband and whose only previous preg- 
nancy terminated in a miscarriage twenty 
years before. She gave a history of an attack of 
abdominal pain six years ago, diagnosed as 
“inflamed ovaries.” Her menstrual periods had 
always been regular and normal and her last 
period was just two weeks previous to the onset 
of her symptoms with no bleeding since then. 
She was admitted to St. Luke’s Hospital on 
September 30, 1939, six hours after the onset 
of sudden severe crampy generalized abdominal 
pain, which awakened her at 6 a.m. From the 
onset of the pain, which persisted without 
change, she was unable to He down without 
marked increase in the pain and faintness. 

On examination she was pale, apprehensive 
and obviously acutely ill. She sat up in bed 
somewhat bent over forward holding her ab- 
domen and was absolutely unable to lie down. 
Her abdomen, examined in this posture was 
slightly protuberant and doughy and showed 
only moderate tenderness, mostly in the left 
lower quadrant, and marked rebound tender- 
ness but practically no spasm. By pelvic 
examination there was marked tenderness in 
both fornices with a sense of fullness on the 
left. It was believed that her inability to lie 
down was due to a shift of intra-abdominal 
blood into the subdiaphragmatic region on 
attempting this change of position. 

She had a normal temperature, a pulse of 
100, and a blood pressure of 82/4S. Her blood 
count was 63 per cent hemoglobin, 3,600,000 
red cells, and 23.900 white cells, with 92 per 


cent poLunorphonuclears, and her W'assermann 
test was negative. 

Because of the menstrual history she was 
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Fig. I. Photograpii of gross specimen. Sec- 
tions have been cut from the tube, ovary 
and pregnancy. The tube lies above with 
the ovarj- bcneatli it. Arrow points to the 
pregnancy, which is about i cm. in 
diameter. 

thought to have a ruptured Graafian follicle 
with rather severe bleeding. 

At operation a large amount of clotted and 
fluid blood was found filling the peritoneal 
cavity. The right tube and ovary and the 
uterus were normal. The left tube and ovary 
were attached to the back of the broad ligament 
by filmy adhesions. The tube was apparentlj^ 
normal and the ovar\' was somewhat enlarged 
and contained on its lateral surface an open 
follicle about i cm. in diameter which was 
bleeding actively. A left salpingo-oophorectomy 
was done and a 500 cc. indirect blood trans- 
fusion given. 

The postoperative course was uneventful and 
she was discharged on the thirteenth day. 
There was no vaginal bleeding during her 
hospital stay. 

Microscopic sections showed the ovarj' to be 
involved in a hemorrhagic process with much 
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interstitial hemorrhage but with portions of the follicle, the ovum remains behind and is 
ovary remaining almost intact. There were fertilized and develops in situ. The other 
chorionic villi near the surface, embedded in view is that the ovum escapes from the 



Fig. 2. Microphotograpli showing chorionic viili. 


fibrinous blood clots. In a few areas there were 
syncjctial cells and a marked decidual reaction. 
The tube was edematous but otherwise normal. 
The pathologist, Dr. Leila C. Knox, said, 
“Since there is undoubtedly a pregnancy, it 
must be considered of the ovarian type, and is 
situated entirely’’ outside the tube.” 

Some of the reported cases do not meet 
all the requirements laid down by Spiegel- 
berg in 1878 and later augmented by 
Williams and Norris.^’-’^ These are: (i) 
The tube on the affected side must be 
intact and microscopically free from anj^ 
evidence of gestation. (2) The fetal sac 
must occupy the position of the ovary. 
(3) The mass must be connected with the 
uterus by the utero-ovarian ligament. (4) 
Definite ovarian tissue must be found in the 
sac wall and be present in several portions 
of the wall at some distance from one 
another. This case easilj'^ meets all of these 
criteria. 

There are two theories of ovarian preg- 
nancy. One, that on rupture of the Graafian 


ruptured follicle, is fertilized and for some 
reason does not move into the tube but 
implants in the ovar3', either in the original 
Graafian . follicle or elsewhere. The latter 
theory is probably the correct one. If it 
develops in the follicle, the trophoblast 
destroys the corpus luteum which forms, 
and the lutein cells make up some of the 
decidua. In some of the reported cases a 
corpus luteum was present in the ovar}- 
outside the pregnancy.^ In this case there 
was none. Question has been raised as to 
whether any true decidua forms in the 
ovarj'.^’-'® There seems to have been one in 
this case. 

The duration of the pregnancy is usually 
longer in the ovarian than in the tubal 
type*’- because of the elasticity and 
resiliency of the ovary, and cases have been 
reported which went on to full term or to 
lithopedia.*’® This case is unusual in the 
short duration and early rupture of the 
pregnancy, evidently not over two weeks, 
since the patient had an evidently normal 
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menstrual period just two weeks before the 
onset of her symptoms and operation. 
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Prolonged pressure congestion or disease in and about the damaged 
ioint, involving ligaments, tendons, nerves, and fasciae, draws all the 
moving parts into the sear and tends to bind the involved tissues and struc- 
tures permanently together, usually in malposition. 

From — “Wounds and Fractures” — by Orr (Charles C. Thomas). 



STERILIZATION OF THE OVARIES BY ROENTGEN RAYS 
IN THE TREATMENT OF DISTANT METASTASES 
FROM PRIMARY CARCINOMA 
OF THE BREAST* 

REPORT OF TWO CASES 


Ernst A, Pohle, m.d. 

Professor of Radiology, University of Wisconsin Medical School 
MADISON, 


P RIMARY carcinoma of the breast 
as well as its bone and lung metastases 
in women sometimes recede following 
castration^'"'* The mechanism of the effect 
is not exactly known although there seems 
to be little doubt that the withdrawal of 
the hormones is responsible to a large 
extent. This assumption becomes especially 
convincing if sterilization is brought about 
by roentgen rays and the secondarj' 
deposits are so far remote from the pelvic 
fields of irradiation that a direct effect 
on the metastatic lesions is hardly prob- 
able. For that reason we are reporting 
two illustrative cases, one with widespread 
bone and early lung involvement and one 
with bilateral lung metastases. 

CASE REPORTS 

Case i. Mrs. M. B., thirtj^-nine years old, 
was admitted to the State of Wisconsin General 
Hospital on August 12, 1939, complaining of 
stiffness and pain in the joints and also of 
persistent cough. Two years ago she had the 
left breast removed for carcinoma; one month 
ago a recurrent nodule was excised from the left 
axilla. A^-ray examination revealed metastatic 
carcinoma in the right first, third and fourth 
ribs, in the inferior lateral aspect of the left 
scapula, in the eleventh thoracic and third 
lumbar vertebrae, in the pelvis, the right 
femur and also pulmonary metastases to the 
bases of both lungs. On August 16, 17, 18 and 
19 she received 200 r in air with customarj- 
deep therapy technic (HVL in Cu .85 mm.) 
over the anterior and posterior pelvis to 


WISCONSIN 

produce sterilization. On re-examination in 
October, 1939, she had experienced “remark- 
able” relief from pain, her menstruation had 
stopped, but there was some advance in the 
destructive lesions seen before. Local .v-ray 
therap3* was applied to the neck of the right 
femur to guard against pathologic fracture. 
She remained free from pain until April, 1940. 
X~Ta.y examination showed well marked recal- 
cification of all bone lesions; the only evidence 
of a new metastasis was a healing fracture in 
the left sixth rib. The lung lesion had also 
receded. Special attention is drawn to the re- 
construction of the tip of the left scapula which 
was found almost entirelj’- destroj*ed on first 
admission. (Figs, la and b.) She complained of 
discomfort in the right lower abdomen; a 
hard mass about 4 cm. in diameter could be 
felt there. X-rax therapy was given over that 
region. Several metastatic skin nodules under 
the right breast were removed for psjxhic 
reasons only; microscopic examination showed 
adenocarcinoma. Since then new lesions ha%'e 
developed in the pelvis, left femur and the left 
sixth rib. Local .v-raj^ therapj* was administered 
to the left hip and femur to relieve pain. On 
last admission in Januarj*, 1941, new foci in 
the thoracic spine and the right humerus had 
appeared. The latter was irradiated because 
of pain. She complained of several attacks of 
nausea which occurred before .x-ray therapj* 
had been started. The lesion in the left scapula 
remained calcified and the lung parench}*ma 
was clear. 

C.ASE II. Mrs. L. K., forty-seven j'ears old, 
was admitted to the State of W isconsin General 
Hospital on May 26, 1937, with the chief com- 
plaint of a lump in her left breast. She stated 
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that she had noticed the lump about four years struating, although there were indications of 
ago and at that time it was the size of a hazel- beginning climacteric — she had missed several 
nut. She had never had any pain in the left periods and those that did occur were accom- 



Fig. 1. a. Roentgenogram taken in August, 1939, before sterilization. Note destruction of tip of 
left scapula, b, Roentgenogram taken in April, 1940. Note recalcification of defect shown in 
Figure i a. (No local treatment given.) 


breast until one week before admission. This 
was accompanied by a continuous itching. 
There has never been any discharge from the 
nipple. She consulted her family physician first 
on May 22, 1937, who referred her to this 
hospital for treatment. On examination the left 
breast was larger than the right and a mass 
about the size of a large egg could be felt in 
the upper, inner and outer quadrants. The skin 
was attached to the mass but the latter was not 
attached to the underlying muscle. It was stony 
hard and nodular. Several enlarged glands were 
palpable in the left axilla; they were fixed, hard 
and not tender. X-ray examination of the chest 
revealed bilateral metastases, especially in 
both bases, and a bone lesion was present in 
the wing of the left sacrum. In view of these 
findings a simple mastectomy plus excision of" 
as many axillary nodes as possible was done. 
Histologically, the tumor was classified as duct 
carcinoma. Since the patient was still men- 


panied by metrorrhagia — castration by roent- 
gen rays seemed advisable and was carried out 
on June 7 to ii with the same technic as 
described in Case i. The patient was seen at 
regular intervals; in November, 1937, the lung 
lesions had disappeared. The patient remained 
well for almost two years; (Figs. 2 a and 2 b) 
in May, 1939 she developed glandular metas- 
tases in the left cervical region; following sur- 
gical removal local ,x-ray therapy was given. 
On re-examination in October, 1939, extensive 
lung metastases were found, also lesions in the 
right hllum. When last seen in April, 1940, the 
presence of widespread metastases in both 
lungs and skeleton rendered further .v-ray 
therapy futile. 

COMMENT 

In the first case sterilization resulted in 
calcification of nearly' all bone lesions and 
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clearing up of the metastatic spread in lasting two years was remarkable and this 
both lung bases. While one may rightfully observation confirmed by others con- 
question the indirect effect of the with- stitutes a definite indication for steriliza- 



Fig. 2. a, Roentgenogram of the chest taken in May, 1937, showing bilateral metastases in the 
lung bases, b. Roentgenogram of the chest taken in May, 1939; no evidence of metastases in 
the lung bases. (No local treatment given to either lung.) 


drawal of the hormones as far as the 
metastatic foci in the pelvic bones are 
concerned, as the}’’ were parti}’ in the field 
of irradiation, it does not seem plausible 
to use this argument in explaining the 
response of the lesions in the upper ribs, 
the scapula and in the lungs. As far as 
the symptomatic relief is concerned, it 
should be mentioned that on several 
occasions the medical consultant recorded 
on the history the “euphoria” of the 
patient which was in sharp contrast to 
the physical findings and spoke well for 
the palliative effect of sterilization alone 
without local irradiation. 

In the second case the disappearance 
of the lung lesions as demonstrated in the 
roentgenograms and which took place with- 
out any direct exposure of the lungs can 
hardly be e.\'plained by any other mecha- 
nism than some endocrine reaction occur- 
ring in connection with the inactivation 
of the ovaries. The period of palliation 


tion in patients of this type. As to the age 
factor we believe that even in women 
below forty years castration is indicated 
if widespread skeletal or bilateral lung 
metastases are present. It seems to offer 
at least a chance of palliation and prolonga- 
tion of useful life and this should well 
outbalance the discomfort due to the 
menopausal symptoms. 

SU.MMARV 

1. The effect of sterilization of the 
ovaries on metastatic carcinoma from a 
primary focus in the breast is briefly 
discussed. 

2. Two illustrative cases, demonstrat- 
ing the efficacy of this procedure, are 
reported. 

3. Roentgen sterilization of all women, 
regardless of age, who have metastatic 
carcinoma from a primary carcinoma 
of the breast and of all women of forty 
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years or older as a prophylactic measure is 
recommended. 
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Those postoperath e wound and stitch abscesses (in operative treatment 
of fractures) which do occur are often made worse by surgical and dressing 
interference; the danger of dressing is usually greater than that of letting 
the patients alone, well immobilized and with wounds protected. 

From — “Wounds and Fractures” — by Orr (Charles C. Thomas). 



ILIOCOLIC INTUSSUSCEPTION* 

DIAGNOSIS BY X-RAY WITHOUT CONTRAST MEDIA 
Joseph Levitin, m.d. 

SAN FRANCISCO, CALIFORNIA 


T he diagnosis of intussusception of 
the bowel by means of an x-raj' 
examination is a well known and long 
established procedure. Snow,^ in 1913, was 
the first to report a case in which he con- 
firmed a diagnosis of intussusception by use 
of a barium enema. In the same year ap- 
peared an article by Ladd,^ in the following 
year one by Lehmann® and Groedel.'* For 
an -X-ray diagnosis a barium enema is 
advocated by the numerous authors, al- 
though some have been diagnosed by 
following the progress of the meal given by 
mouth. The appearance of the bowel, when 
the barium reaches the intussuscepted 
loop, has been well described and the types 
of intussusception have been classified. 

Among the many papers on this subject 
are those by Sussman,® who reported four 
cases and gave an excellent summary of the 
types and causes, emphasizing the impor- 
tance of studying the colon following 
defecation after barium enema, Shatzki® 
who added eleven cases to the accumulated 
literature and also analyzed the roentgen 
signs, and Kirsner and Miller" who empha- 
sized the value of the postevacuation film 
and reviewed the entire subject. 

It is not the purpose of this paper to 
review the causes, types or criteria for 
diagnosis of intussuception. The reader is 
referred to the articles by the above 
mentioned authors and in addition to those 
of Wasch and Epstein,® Davis and Parker,® 
Ashbury, “ Ochsner and Gatch.^^ All the 
above agree that a barium enema is an 
invaluable aid in diagnosis and describe 
the x-ray signs as an obstruction to the 
barium entering the colon with a filling 
defect. The head of the barium forms a 
cap and corresponds to the head of the 


Intussusception; or, the barium may enter 
the sheath (intussuscepiens) surrounding 
the intussuscepted gut and a distended 
loop of bowel will be seen. The barium may 
trinkle through the intusscepted loop 
(intussusception) and show a string-like 
appearance which will be surrounded by 
the distended intussuscepiens. Barium has 
been used by the above authors either by 
enema or by mouth in establishing the 
.x-raj' diagnosis. 

Most clinicians object to the use of 
barium by mouth, in face of an intussuscep- 
tion with the possible mechanical obstruc- 
tion. Some hesitate to use a barium enema. 
The purpose of writing this paper is to 
present two cases of ileocolic intussus- 
ception which were diagnosed on the flat 
film without the use of barium and to 
suggest that flat films be taken more often 
on suspected cases of intussusception. 

It has been a popular procedure by 
members of the staff of the Mount Zion 
Hospital to refer most cases of suspected 
acute abdominal conditions for a flat plate 
of the abdomen (Brunn and Levitin).^® 
Intussusception in children is not as com- 
mon in our hospital as reported bj"^ other 
writers. We certainl}^ cannot compare our 
few cases to the series of 400 cases reported 
by Koch and Oerum^® and 100 reported by 
Hipsley.^^ 

We are not original in taking a flat 
film for a suspected intussusception. Davis 
and Parker® mention that a flat roent- 
genogram was taken on one of their 
cases, but not sufficient evidence was 
there for a diagnosis and a barium enema 
was necessary. Shatzki® states that few 
facts have been published in regard to 
examination without contrast media and. 


From the Department of Roentgenology, Mount Zion Hospital, San Francisco. 
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B 

Fig. 2. A, ileocolic intussusception with small bowel dilatation; b, unsuccessful reduction of the intussuscep- 
tion. The barium has reached the top of the intussusception. The intussuscepiens has dilated at this point 
but the pressure of the barium is unable to disinvaginate the bowel. 
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although he had no cases to publish ol 
his own, he proceeds to give the findings 
of an intussusception on the flat plate as: 
(i) Absence of a normal pattern of air 
in the cecum and ascending colon; (2) 
the area of intussusception has a sausage- 
shaped homogeneous shadow representing 
the intussuscepted portion of the intestine; 
(3) there may be air rings in the distended 
bowel surrounding the central shadow 
(intussuscepted gut) ; (4) if the central 
canal contains air, there will be a narrow 
air-filled lumen surrounded by a thick 
soft tissue cylinder. 

Kloiber^® emphasized the importance of 
finding a small bowel dilated with fluid, 
indicating evidence of a mechanical ob- 
struction, but this does not necessarily 
imply an intussusception as the underlying 
cause. 

In the two cases reported in this paper 
the findings were so typical that we wonder 
if they are not present more often but have 
been overlooked by not first taking the 
flat film. Both cases showed two loops 
of gas in the right lower quadrant, one 
within the other. The dilated intussus- 
cepiens were readily recognized as cecum. 
Within this dilated loop was the second 
loop narrowed at its lower end, i.e., the 
neck of the Intussusception. One case also 
had a dilated small bowel as the result of 
the mechanical obstruction produced by 
the intussusception. In both cases it was 
decided to try reduction by enema and as 
we wished to see if it was successful, a 
barium enema was given under fluoroscopic 
control. 

The reduction of the intussusceplens 
by enema antedated the -v-ray diagnosis. 
The largest series reported was from 
Denmark by Koch and Oerum^" in 1912. 
Four hundred cases were reported, all 
treated by enema. The patients were under 
anesthesia which allowed for more relaxa- 
tion and made it possible for the surgeon 
to massage against the direction of the 
intussusception. They reported only fifteen 
failures to disinvaginate out of the 400 


cases. This procedure was first suggested 
by Hirschprung. Hipsley,'"’ in 1925, 
analyzed 100 cases in which sixty- two 
cases were completel}^ reduced b}"^ enema 
with a mortality of 5 per cent. This is in 
contrast to a surgical mortality of 6.6 
per cent reported b}^ Wilfred Vickers.^’ 
Since then successful reductions of intus- 
susception under fluoroscopic control have 
been reported by Retan^® and Stephens.'® 
In our two cases we were successful in 
reducing one. The other case in which the 
symptoms had been present for five days 
had to go to surgery. Both patients have 
since been well. 

Case 1. L. C., a male age three years, was a 
healthy child with no unusual history until 
three a.m. when out of a sleep he was seized 
with a sharp pain, doubling him up. The pain 
seemed to occur every ten minutes for a dura- 
tion of about one minute. During the intervals 
he was free of pain and comfortable. One hour 
later he had a loose bowel movement. No gross 
blood was seen. At 8:00 a.m. he vomited. The 
patient had an .v-ray examination at 10:00 a.m. 
(seven hours after onset) on entering the 
hospital. The white blood count at entry was 
1 1,000 with 52 per cent P.M.N. A^’-ray examina- 
tion (Fig. I .a) showed a distended loop of gas 
in the right lower quadrant corresponding to 
the cecum, within this loop was a second dis- 
tended loop, narrowed at the entrance into the 
cecum. An .v-ray diagnosis was made of an ileo- 
colic intussusception. A barium enema was 
given to see if the intussusception could be 
reduced under fluoroscopic control. The barium 
entered slowlj' without diflicultj’ until it 
reached the head of the intussuscepted loop of 
bowel. There was a delay with further dilata- 
tion of the ascending colon (intussuscepiens). 
At this point the child complained of consider- 
able pain. Following this there was a sudden 
release of the barium into the cecum and an 
overflow into the terminal ileum. The intus- 
susception was reduced. (Fig. i, b.) The child 
has remained well. With the expulsion of the 
enema there was some blood; this being the 
first time blood was found in the stool. 

Case n. An infant girl six months old, with 
nothing unusual in her past history until three 
daj's prior to entry had intestinal colic. On the 
day of entr\' the child had considerable pain 
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and there was a jralpablc mass in the right 
lower quadrant Wliitc Ijlood count was 7,goo 
P.M.N. 22 per cent. An x-ray of the aijdomcn 
showed a distended loop of bowel in the right 
lower quadrant within which was a smaller 
loop of bowel with a narrowed neck. TIic re- 
maining small bowel was distended with gas. 
(Fig. 2 A.) The case was diagnosed as an ileo- 
colic intussusception with a small bowel mechan- 
ical obstruction. Although Rctan'*' believes 
that a successful reduction by barium enema 
must take place in the first twelve hours 
and this patient had already gone four days, 
nevertheless, a barium enema was given under 
(luoroscopic control. The fluid entered without 
difTiculty until it reached the head of the intus- 
susceptum. (Fig. 2 b.) At this point, however, 
the child had considerable discomfort and 
expelled the enema and tube. The attempt to 
reduce the intussusception having proved un- 
successful the child was taken to surgery. On 
opening the abdomen the diagnosis of ileocolic 
intussusception with small bowel obstruction 
was confirmed. The intussusception was care- 
fully reduced and the child made an uneventful 
recovery. 

CONCLUSIONS 

1. A flat film of the abdomen may give * 
necessary diagnostic clue to a diagnosis 
of ileocolic intussusception. 

2. The findings consist of a gas dis- 
tended loop Nvithin which may be found a 
smaller loop wdth a narrowed neck. 

3. Reduction of the intussusception by 
barium enema may be successful if done 
earl}'.* 

* Since this paper was written an article on the same 
subject has appeared by Abrams, Hyman S. Intus- 
susception. Particular reference to roentgen diagnosis 
without opaque media. Radiology, 36; 490-492, 1941. 


KEFERENCES 

1. Ssinv, J. .\1. and Cuntos, M. Tiie diagnosis of 

intussusception by the x-r.ay. Am. J. Dh. Child., 
6:93,1913. 

2. l.ADD, \V. E. Progress in diagnosis and treatment of 

intussusception. Boston M. <'- Surg. J., 168: 

542-tM, 1913- 

3. Lr.UMANN, C. Quoted by Kirsner and .Miller. The 

roentgen diagnosis of intussusception. Radiology, 
31 : 638-65O, .1938. 

4. Gnoror.i, F. M. Quoted by Kirsner and .Milter. 

Radioloey, 31; 658-668, 1918. 

5. Si ssMAN, .\1. L. Roentgenologic aspects of subacute 

and chronic intestinal intussusception. Am. J. 
Roentgenol. 1" Rad. Therapy, 27: 373-382, 1932. 

6. SiiATZKi, R. Intussuscepted tumors of the colon. 

Am. J. Roentcenol. C Rad. Therapy, 41 : 549-563, 
1939. 

7. Kinssr.it, J. B. and .Millck, J. F. The roentgen 

diagnosis of intussusception. Radiolmry, 31 : 658- 
659, 193S. 

8. Wascii, -M. G. and Epstein, B. S. Chronic recur- 

rant intestinal intussusception. Radiology, 33; 
316-324. 1939. 

9. Davis, K. S. and Pahker, C. Intussusception, its 

rocntgenographic diagnosis. California C- BV-sf. 
.\/ci/.. 31: 330-335, 1929. 

10. Ashbury, H. E. Roentgenological aspect of intus- 

susception. Am. J. Roentgenol., a'oI. 18, no. 6, 
1927. 

1 1. OcHSNER, ,M. C. and Gatch, W. D. Intussusception 

in the adult. Am. J. Roentgenol., 42: 276, 1929. 

12. Bruns, M. and Levitin, J. A roentgenological 

study of intestinal obstruction. Accepted for 
publication October, 1939, Surg., Gx-nee. C Obst. 

13. Koch, A. and Oerum, H. P, T. Edinburgh M. J., 

p. 238, 1912. 

14. Hipsley, P. L. Intussusception and its treatment 

by hydrostatic pressure, Med. J. Australia, 2: 
201, 1926. 

15. Kuoideb, H. Quoted by Shatzki. Intussuscepted 

tumors of the colon. Am. J. Roentgenol., 41: 

549-563. »939- . ^ 

16. Hirschprung. Quoted bj- Koch and Oerum. 

Edinburgh Af. J., p. 238, 1912. 

17. Vickers, Wilfred. Diagnosis of intussusception. 

Med. J. Australia, p. 206, 1926. 

18. Retan, G. Non-operative treatment of intussus- 

ception. Am. J. Dis. Child., 33: 765-770, 1927. 

19. Stephens, V. R. Acute intussusception. Manipula- 

tive reduction under fluoroscopic control. Am. 

J. Dh. Child., 35; 61-64, 1938. 



MENTAL DISORDERS ASSOCIATED WITH 
HYPERTHYROIDISM 
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P SYCHOSIS is not a common compli- 
cation of hyperthyroidism. Johnson 
reported only twenty-four instances 
of psychosis in 2,000 patients with hyper- 
thyroidism. Foss and Jackson studied 800 
patients with hyperthyroidism and found 
evidence of mental disorder in two cases. 
Conversely, a goiter was present in fifty of 
1,700 psychotic patients studied. Parker 
states that less than 2 per cent of patients 
with exophthalmic goiter present evidence 
of mental derangement. In view of the 
rather infrequent association of these two 
conditions and because of the unusual 
results obtained, we felt justified in present- 
ing our case and discussing the nature and 
relationship of this association in general. 

A variance of opinion has been expressed 
regarding the role of the thyroid as an 
etiological factor in the production of 
psychosis. Hammes believes that psychoses 
encountered with thyrotoxicosis can be 
classified with, and have the usual charac- 
teristics of, ordinary psychoses. He con- 
siders the hyperthyroidism an associated 
rather than etiologic condition. On the 
other hand. Walker considers the thyro- 
toxicosis as etiological. Katzenelbogen and 
Luton believed that the thyroid dysfunc- 
tion was a precipitating or aggravating 
factor in their cases. 

Thyroid malfunction is accompanied by 
deviations from the average normal mental 
and motor activity; as for example, re- 
tardation is a concomittant of myxedema 
and cretinism, and mental and motor over- 
activity with hyperthyroidism. If this is 
true, one would expect some possible 


etiologic relationship between thyroid dis- 
ease and psychoses in certain cases. H}*- 
perthyroidism, however, has not been 
associated with any one type of psychosis. 
In Jameson and Wall’s series each case 
exhibited a different psychological response 
and psychotic manifestation. They believed 
that given a favorable background, includ- 
ing familial and personality propensities, 
and such factors as prolonged physical and 
emotional stress that a latent th3Toid dis- 
ease might be precipitated with an asso- 
ciated psychosis of anj’ type. 

Dunlap and Moersch classified their 
cases according to the ps\'chic manifesta- 
tions and the thj-roid pathological condi- 
tion present. The predominant types of 
mental reactions were (i) toxic exhaustion, 
(2) acute delirium, and (3) manic-depres- 
sive ps^’chosis, 91 per cent of the series 
being made up of the first two groups. 

Toxic exhaustive ps^’choses were present 
onl^' in cases of th\'rotoxicosis, due to either 
exophthalmic or adenomatous goiter. The 
majorit}' gave a relatively" short history" of 
mental disturbance and under medical care 
showed marked and rapid improvement. 
Acute delirium, likewise, was seen only in 
association with hyperthyroid states. The 
terms acute delirium, thy"roid crisis, hyper- 
thyroid reaction and thyroid storm are 
used to designate more or less the same 
condition. These cases are regarded as 
presenting the one possible definite rela- 
tionship between hyperthyroidism and 
mental disturbances, for no instance of 
familial history of psychosis or of a previous 
mental disturbance occurred in this group. 
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All these patients presented a severe degree 
of hyperthyroidism, but the severity of the 
hyperthyroidism was found to be no index 
to the severity of the mental reaction. 

Typical acute delirium, or thyroid crisis, 
is seen infrequently since the introduction 
of compound solution of iodine in the treat- 
ment of thyrotoxicosis. When it occurs, 
however, the psychosis is in proportion to 
the severitA’ of the hyperthyroid reaction 
and disappears when the crisis is controlled. 

The manic-depressive cases made up the 
third most common group in Dunlap and 
Moersch’s series. Since this psychosis is 
found complicating cases of goiter without 
hyperfunction, as well as those with 
thyrotoxicosis, the hyperthyroidism cannot 
be considered responsible for the develop- 
ment of the manic-depressive reaction. We 
have seen an interesting case of hyper- 
thyroidism which was complicated bj- the 
development of a mental disorder. 

CASE REPORT 

A fifty-one year old white, married woman 
was admitted to the hospital with a chief com- 
plaint of nerA'ousness and increasing weakness 
of one year’s duration. One \'ear prior to 
admission, because of increasing asthenia, 
nervousness, irritability, tremor, crying spells, 
increased appetite and diaphoresis, the patient 
consulted her ph3-sician. Two months prior to 
her admission she developed edema of the 
ankles, dj'spnea on moderate exertion, orthop- 
nea and a nonproductive cough. Ten da\'s 
before admission she was told that her heart 
was “beating 200 beats too fast” and was 
confined to bed. She had lost eightj' pounds in 
weight during the last three years. 

Her past histor}' was essentiallj^ negative. 
Phj'sical examination revealed an undernour- 
ished woman who was alert, co-operative but 
verA’- apprehensive and ners'ous. The blood 
pressure was 165 mm. of mercurj'^ s\'stolic, and 
85 mm. of mercur3'- diastolic. The pulse rate was 
136 beats per minute and respiration 28 per 
minute. Moderate exophthalmous and slight lid 
lag Avere present. The th3'roid Avas diffuse^' 
enlarged to a size approximate^' six to eight 
times normal. A bruit A\'as present over both 
lobes. The heart aa-es enlarged to the left and a 
faint apical S3’stolic murmur aa'es present. There 


AA'as pitting edema of the ankles and muscular 
strength of the extremities Avas poor. A marked 
tremor of the hands AA as present. 

UrinaK'sis shoAved a moderate amount of 
albumin. The concentration of nonprotein 
nitrogen Avas Avithin normal limits and the 
blood cholesterol 1 18 mg. per cent. Hemoglobin 
Avas 72 per cent, leukoc3'te count 5,200, and 
er3'throcA'tc count 4,710,000 per cubic millime- 
ter of blood. The serologic reaction for S3'phiiis 
AA'as negative. Basal metabolic rate Avas plus 
69 per cent. 

Roentgenographic examination of the chest 
shoAA'cd a Avidening of the aortic arch and slight 
cardiac enlargement. An electrocardiogram 
rcA'caled nothing unusual. 

The patient responded poorR' to the usual 
methods of preoperative preparation and for 
this reason Avas giA'en tAA o treatments AA'ith .v-ra3' 
at fiA'e AA'cek interA'als. She shoAAed some im- 
provement, and on her fiftA'-third hospital da3', 
three Aveeks folloAving the first .v-ra3' treatment, 
the basal metabolism rate Avas plus 40 per cent 
and she had gained five pounds. Despite the 
general improvement, surgerA' Avas delax'cd 
because of the presence of an acute follicular 
tonsillitis. 

During the hospital sta3' the patient’s mental 
status shoAved gradual deterioration, so that b3' 
the sixt3'-sixth da3' doubt AA'as ex'pressed as to 
the adA'isabilit3' of, or benefit to be expected 
from, th3Toidectom3'. She was disoriented as to 
time, place, and person, and shoAA-ed in general 
marked motor depression. She AA-ept AA'hen 
spoken to and could not remember her A'isitors 
from da3' to daA'. She exhibited occasional 
delusions and hallucinations, hearing or seeing 
people outside her room AA'ho had come to kill 
her or to take her to the operating room. For 
transient periods her orientation and general 
mental reaction seemed improved. These 
episodes AA'ere usualK' associated AA'ith some 
improA'ement in the general toxic status as 
indicated b3’^ lowering and stead3'ing of her 
pulse and temperature Ica'cIs. 

We assumed care of this patient on her 
seA'ent3'-ninth hospital da3' and after consulta- 
tion AA'ith her prex'ious ph3’^sicians decided that 
a more radical program must be instituted. 
Consequent^', after tAA'o AAeeks of A-igorous 
preparation, th3Toidectom3' aa'es performed. 
Pathological examination confirmed the clinical 
diagnosis of exophthalmic goiter. The patient 
made an uncomplicated conA'alescence and b3' 
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the fifth postoperative day was walking about, 
was well oriented and conversed rationally. She 
was dismissed from the hospital ten days follow- 
ing the operation. 

Three months following the operation the 
patient had gained thirty pounds, was doing her 
own housework and manifested no evidence of 
mental disturbance. Nine months following 
operation she had gained fifty pounds and was 
in the best of health. 

COMMENT 

We believe that this patient had marked 
hyperthyroidism due to an exophthalmic 
goiter and in addition developed a toxic 
exhaustive type of psychosis. The increase 
in the toxic and psychotic symptoms, in 
spite of adequate medical care, was un- 
usual. It is possible that the tonsillitis and 
the consequent foci of infection aggravated 
this condition. The most unusual feature 
presented b}* this case is the fact that the 
psychosis of this severity cleared following 
thyroidectomy. It was our opinion, and 
this was substantiated b}’ discussion with 
Pemberton, that it is very unusual for such 
a patient to be materially improved from 
the mental viewpoint following control of 
the h3'perthyroidism. On the other hand, 
occasional!}' the psj'chotic symptoms of a 
shorter duration, and usualh’^ those asso- 
ciated with a crisis of the disease, disappear 
with control of the th^uoid hj-perfunction. 
Certainh' one should not consider the 
presence of a mental condition a definite 
contraindication to surger\^, and in selected 
cases indicated surger}' is advised. 


SUMM.^RY 

Hj'perthjToidism is not specificall}- asso- 
ciated with one type of psjxhosis. Toxic 
exhaustive reactions and acute delirium are 
probabl}’^ the most common mental disturb- 
ances complicating th^Yoid h3"perfunctlon. 
The content of the psychoses does not differ 
essentiall3>^ from that of similar ty^pes of 
ps3^choses in individuals without h3^per- 
th3Uoidism. When a ps3'chosls occurs in the 
presence of h3'perth3Toidism it should not 
be considered a definite contraindication to 
surger3^ The prognosis of the ps3xhosis 
probabl}^ depends upon the ratio of th3Told 
toxicity to the underl3dng mental instabil- 
ity of the patient. 
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PERITONEOSCOPY VERSUS EXPLORATORY LAPAROTOMY 

A COMPARISON OF MORBIDITY AND MORTALITY 
Boardman M. Bosworth, m.d. 

Assistant Visiting Surgeon, City Hospital 


NEW YORK, 

T here still appears to be great 
divergence of opinion in the profession 
with regard to the value of peritoneo- 
scopy as a diagnostic procedure. It has 
not as yet been accorded that measure of 
general popularit}^ which it deserves, as a 
safe and effective method of surgical 
investigation in selected cases. Perhaps 
this is largely the fault of its advocates, 
who publicize its simplicity of technic 
but often omit detailed statistics of end 
results from which alone its value can 
fairly be judged. 

It is a well established surgical principle 
that the advantages claimed for any new 
procedure must be considered in relation 
to the operative morbidity and mortality 
associated with it. This is of deep concern 
not only to the doctor and the hospital 
but, above all, to the patient. 

With this in mind, the end results have 
been carefully reviewed in a consecutive 
series of cases of basically similar nature, 
subjected to diagnostic exploration by 
peritoneoscopy or laparotomy during the 
year April i, 1939 to March 31, 1940, at 
the Cit}’^ Hospital, New York. For the 
purpose of a fair comparison of these 
two procedures, only those cases have been 
included in which there were good clinical 
grounds for suspicion of serious liver 
involvement but in which it was impossible 
to differentiate, with reasonable certitude, 
between two or more of the following 
diagnoses; carcinoma, cirrhosis, amyloido- 
sis, lues, tuberculosis, hepatitis or biliary 
tract disease. This group of cases was 
selected for analysis because it contained 
the greatest number of patients presenting 
similar clinical pictures, subjected to ex- 
ploratory laparotomy or peritoneoscopy. 


NEW YORK 

The series is small but significant. 
Thirteen such patients were operated upon, 
seven by exploratory laparotomy and six 
bjf peritoneoscopy- Seven different sur- 
geons performed the laparotomies. All 
the peritoneoscopies were done by the 
author. All of the patients in both groups 
were poor surgical risks, but in each case 
it was believed that the patient deserved 
the benefit of a diagnostic operation, all 
more conservative modes of investigation 
having failed. 

Of the seven patients subjected to 
exploratory laparotomy, a definite diagno- 
sis was made in every case, but five of them 
died as a result of the operation within 
two weeks, an operative mortality of 71 
per cent. (Table i.) One patient expired 
on the third postoperative day, two on 
the seventh, one on the tenth and one on 
the fourteenth. The operative morbidit}' 
was also impressively high. (Table i.) 
Five patients ran a temperature of ioi°f. 
or over for varying lengths of time follow- 
ing operation. There were two cases of 
wound disruption, one of which completely 
eviscerated. Two patients showed a severe 
grade of pulmonary edema; one developed 
a terminal bronchopneumonia and one 
died with an acute diffuse peritonitis, 
proved at autopsy. 

In the series of cases peritoneoscoped 
there were no operative deaths, nor were 
any postoperative complications encoun- 
tered. In four of these six patients a definite 
diagnosis was made, based upon examina- 
tion of biopsy material. In one of the two 
cases in which a diagnosis was not made, 
examination was unsatisfactory due to 
omental adhesions; in the other, the 
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electrocautery unit failed during the proce- 
dure and no biopsy was taken. 

A brief outline of two typical cases, one 
explored by laparotomy and one by 
peritoneoscopy, will prove of interest. 


vomiting. Tlic past history was essentially 
negative. Examination revealed an emaciated, 
jaundiced male of fifty-nine j-ears who did not 
seem to be acutely ill. The liver was enlarged 
well below the costal margin; its edge was firm 


TABLE I 


COMPAR.\TIVE AN.A.LYSIS OF MORBIDITY AND MORTALITY 



No. of 
Cases 

! 

1 

1 ; 

Postoperative 

Diagnosis 

Postoperative 

Complications 

Deaths Due 
to Operation 

Mortality 
Per Cent 

Exploratory laparotomy 

1 

Carcinoma 3 

Cirrhosis 3 
Amyloidosis i 

Fever ( 1 0 1 °r. or over) ' 
5 

Wound disruption 2 
Pulmonary edema 2 
Pneumonia i 
Peritonitis 1 

1 

. ? 

7 * 

Peritoneoscopy 

6 

Carcinoma 2 

Cirrhosis i 

Chronic hepatitis i 
Undiagnosed 2 

None 

None 

None 


Case i. A sixty-three year old colored male 
gave a history of recurrent, vague right upper 
quadrant distress for one year before admission 
to the hospital. There were occasional nausea 
and vomiting with a question of recent jaundice 
and weight loss. His sj’inptoms had been in- 
creasing. The past history included chronic 
alcoholism and an untreated lues. Examination 
disclosed a chronically ill emaciated negro in 
no acute distress. The skin was dehydrated, the 
abdomen scaphoid and the liver enlarged to 
the umbilicus with a hard, irregular, nontender 
edge. A tentative diagnosis of cholecystitis and 
cholelithiasis was made. At exploratory lapa- 
rotomy the right lobe of the liver was found to 
be greatly enlarged. Multiple hard white 
nodules were scattered throughout both lobes 
of the liver and in the omentum. The stomach, 
pancreas, prostate and bowel were palpated 
and found to be negative. Postoperative diag- 
nosis was metastatic carcinoma, primary site 
unknown. The patient’s temperature began to 
spike to 103 to i04°F. following operation and 
he expired on the seventh day with signs of 
bronchopneumonia. 

Case ii. A fifty-nine yenr old Italian 
laborer complained of loss of weight and 
strength for five years, with intermittent epi- 
gastric for six months. During the four or five 
weeks prior to admission he had been jaundiced 
and had suffered from attacks of nausea and 


and tender. It was questionable whether a mass 
could be felt in the epigastrium. A preoperativc 
diagnosis of metastatic carcinoma of the liver 
was made. At peritoneoscopy the liver was 
seen to be slate-grey in color. It was smooth 
and rather hard. Its upper surface was studded 
with tinjs j'ellowish, slightl}’’ raised, cyst-like 
nodules which ruptured easily, discharging a 
little serous fluid. A large, stony-hard irregular 
mass was found in the omentum. Six ounces of 
clear bile-stained fluid were aspirated from the 
peritoneal cavity. A biopsj" of the liver was 
obtained through the peritoneoscope. This was 
reported to be a metastatic adenocarcinoma of 
the liver. No primar}' lesion was found on 
peritoneoscop}". The patient’s immediate post- 
operative condition remained unchanged. Tem- 
perature, pulse and respiration were unaffected. 
The wound healed per primam. However, the 
patient slowh’- wasted away and died one 
month later. Autopsy disclosed a careinoma of 
the head of the pancreas with ex-tensive 
metastases to the liver and omentum. 

The large margin of error possible in 
drawing precise conclusions from such a 
small series of cases is fully appreciated. 
Perhaps in a larger group the mortality 
in exploratory laparotomies in these poor 
risk patients would not be as high as 71 
per cent. But reported fatalities following 











504 American Journal of Surgery BoSWOrth PeritOnCOSCOpy 


November, 1941 


peritoneoscopy are rare. That this should 
be so is not surprising when one compares 
the magnitude of the two operations. 

Peritoneoscopy actually amounts to little 
more than a paracentesis and is performed 
in much the same way except that it is 
surrounded with greater precautions for 
the safet}'^ of the patient. It is performed 
in the operating room and the patient is so 
prepared that an immediate laparotomy 
is possible in the event of any emergency. 
In the author's experience this has never 
been required. The operation is done under 
local anesthesia through a stab wound 
so small that it is easily closed bj'- a single 
skin clip. The patient may be out of bed 
and even return home the same da3^ 

Exploratory laparotomy, on the other 
hand, requires a major abdominal incision 
and usually a general anesthesia. It is 
attended by a certain amount of shock 
due to unavoidable manipulation of the 


viscera. There is more or less postoperative 
reaction and a hospital convalescence of a 
■week or longer must be contemplated. 
Added to this of course are the possible 
complications which maj^ attend any 
laparotomy, chief among which are pul- 
monary edema, pneumonia and wound 
disruption. As has been seen, all these 
complications were encountered among 
the laparotomies included in this report. 

SUMMARY 

A comparative review of the end re- 
sults in a series of consecutive cases 
subjected to explorator3'^ laparotom3'^ and 
to peritoneoscop3f, for diagnostic purposes, 
is presented. 

From the standpoint of morbidit3’^ and 
mortality, peritoneoscop3f is a safer proce- 
dure than exploratory laparotomy and 
it compares favorabl3r with the latter as a 
diagnostic procedure in selected cases. 


€1^ 
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AN ELECTRIC BONE SAW AND DRILL=* 

J. Vernon Luck, m.d. 

Instructor in Orthopedic Surgery, University of Southern California Medical School 

LOS ANGELES, CALIFORNIA 


I T is as it should be that electrically 
operated bone surgery instruments are 
. becoming increasingly popular. How- 
ever, the complexity of the majority of 
electric bone surgery sets discourages nian\* 
surgeons from making as frequent use of 
these instruments as perhaps they should. 
The instrument to be described has sim- 
plicity in its favor. 

Each end of the motor unit (Fig. ia) is 
represented by a chuck, on one end a 
standard Jacob’s chuck which operates at 
2,200 rotations per minute, and on the 
opposite end a smaller chuck which oper- 
ates at the unusually high speed of 13,000 
rotations per minute. The latter chuck 
represents a unique feature in that it 
activates minute burrs which, by virtue of 
the high speed at which they are rotated, 
become surprisingly efl'ective bone cutting 
tools. These burrs (Fig. if) which resemble 
tiny drills, are used in several sizes, but the 
size most frequently employed has a cut- 
ting portion Fi inch long and 3J2 inch in 
diameter. When rotated at speeds above 
10,000 rotations per minute these small 
caliber burrs cut bone like a saw; at speeds 
below 10,000 rotations per minute they 
function merely as a drill. After a little 
experience, the direction of the cut in the 
bone may be altered as frequently and as 
acutely as the case requires. (Fig. 2.) 

TECHNIC 

The technique for using sawing-burrs 
is as follows: (i) Burr must be operated at 
full speed and the foot rheostat kept fully 


depressed. (2) To begin the cut the burr is 
drilled vertically into the bone, using care 
to prevent penetration of the burr deeper 



A 

Fig. I. A, motor unit; u, machinist’s twist drills; 
c, circular sa\s and mandrel; d, twin saw blade; 
r, curetting burrs; r, bone cutting burrs; g, 
key wrench for adjusting Jacob’s chuck and 
circular s.aws; n, foot rheostat and electric cord. 

than its cutting portion. With the burr held 
in a near vertical position it is drawn firmly 
along toward the operator. (3) W'hen cut- 
ting bone that is thicker than the length of 
the burr, it is necessary* to make succeeding 
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cuts ill the same slot until the full thickness bone ftrafts or (lajis from the ilium; (6) 
of the bone is penetrated. (4) Saline should skull plastics; and (y) laminectomies, 
be used if the burr generates heat, and may Jacol/s Cbuch, (Adjusted by key 




Fig. 2. Shows use of small c.alibcr cutting burr in making 
irregular or cur\'ing cuts in bone. By rotating at 13,000 
r.p.m. the burr is transformed into a cutting tool. 

Fig. 3. Shows twin saws in use. They rotate at 2,200 
r.p.m., have abundant power, do not jam, and do not 
burn the bone. 


Fig. 3. 


be applied effectively with a syringe and 
hypodermic needle. (5) If the cutting sur- 
face of the burr becomes clogged, it be- 
comes ineffective and should be scraped 
clean. (6) Both straight and complex cuts 
m&y be made with more accuracy’’ if made 
along lines drawn on the bone, or along the 
edges of a pattern. 

The uses of the sawing burr are (i) 
cutting bone grafts of irregular contour; 
{2) making transverse end cuts in removing 
tibia! or other bone grafts, after the longi- 
tudinal cuts have been made with the 
circular saws; (3) osteotomies, especiallj’^ of 
smaller bones; (4) removal of cortical 
windows in acute osteomyelitis; (5) cutting 


wrench. Figure iG.) Through the interposi- 
tion of 6 to I helical gears, a Jacob’s chuck 
on the end of the motor unit opposite the 
high speed chuck activates the following at 
a maximum speed of 2,200 rotations per 
minute : 

Circular Saws. (Fig. ic and d.) The 
second, or twin blade, may be adjusted 
accurately by a set screw for the width of 
cut desired. For a single cut the second 
blade is slipped off the mandrel merely by 
loosening the set screw. Handle tips of the 
same key wrench (Fig. ig) which adjusts 
the Jacob’s chuck, serve to adjust the set 
screws of both circular saws. In using the 
circular saws the blades are applied gently 
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to the bone and held at one point until the}' 
penetrate the desired depth. Holding the 
motor unit firmly, the saws are then moved 
along from right to left. (Fig. 3.) 

Tivist Drills. (Fig. ib.) Standard twist 
drills up to yi inch in diameter may be 
used in the Jacob’s chuck. Larger size drills 
may be used if their bases are adapted to 
the yi inch capacity of the chuck. 

Curetting Burrs. (Fig. ie.) These 
burrs frequently are useful in sauceriz- 
ing a chronic osteomyelitis, curetting bone 
cysts and treating fracture fragments in 
pseudarthroses. 

Kirschner Wires. Such wires are readily 
inserted. A special stabilizing mechanism to 
render them rigid is unnecessary. During 
insertion the wire may be made adequately 
risiid bv holding it in its middle between 

O V o 

towel-covered tips of the thumb and index 
finger. 

Steinman Pvxs. Any size Steinman pin 
will fit into the chuck. Since the motor unit 
has abundant power at low speeds, pins or 
wires may be inserted without fear of heat- 
ing the bone. 

Sterilizatiori. The entire motor unit 
together with a segment of the electric cord 
that connects the motor unit with the foot 
rheostat are sterilized in the autoclave for 
twenty minutes under thirty pounds pres- 
sure. Sterilization is best carried out several 
hours before the instrument is to be used to 
give it an opportunity to cool. However, in 
an emergency it may be cooled in fifteen 
minutes by wrapping it in a towel and 
thoroughly saturating the latter with 
alcohol or ether. The feasibilit}' of con- 
structing a closed motor unit capable of 


withstanding autoclave sterilization was 
first demonstrated by Cox.* This method 
was adopted and has some advantages 
over separatel}' sterilizable Hartley-Ken- 
yon shells employed in the Albee and the 
Kreuscher bone saws. Assembly of the 
motor into the shells adds to the complexity 
of the unit, and in some hands adds a 
danger of contamination. 

Construction. The electric motor is uni- 
versal and operates on 1 10 volts alternating 
or direct current. After considerable search- 
ing to find a dependable heat resisting 
insulation for the wire used in the electric 
motor, a new type of glass insulation was 
found and empIo3’ed. Even during pro- 
found experimental abuse there were no 
instances of impairment of the insulation. 
Both metal and nonmetal gears were used; 
the combination was found to be quieter 
and more efficient. Special grease-tight, 
vapor-proof bearings were employed to 
prevent the escape of lubricant and the 
entrance of steam. During two hundred 
autoclave sterilizations no grease leaked 
out and no detectable steam entered the 
casing. Gears and bearings are packed in 
heat resisting grease which supplies lubrica- 
tion for the life of the motor unit. This 
feature removes the inconvenience of 
periodic lubrication. A streamlined duralu- 
minum case incloses motor, gears and bear- 
ings. A waterproof electric connection sets 
in the middle of the case to receive the plug 
of the electric cord. Speed of the motor is 
controlled by a foot rheostat. (Fig. iH.) 
Length of the motor unit is loj'o inches, 
greatest diameter 2}'2 inches, weight 
pounds. 

* J. Bone & Joml Snrg., 21: 1048, 1939. 



APPENDECTOMY WITH A MODIFIED FURNIS8 CLAMP 


Arthur Bowen, m.d. 


Ac-;ociatc Senior Siirpcon, Cedars of i.clranon Ijospital; Assistant Clinical Professor of SurRcry, College of 

Medical Evangelists 

LOS ANGELES, CALIFORNIA 


W ITHIN the last decade numerous 
appliances have been devised to 
deal with the operative procedures 
on the gastrointestinal tract, with the 
object of facilitating technically the re- 
moval of pathologv with a minimum of 
trauma and contamination. 

The original Furniss clamp has been 
modified by Clute and McClure to facili- 
tate aseptic closure of the duodenal stump 
in gastric resection. It occurred to the 
writer that if these modifications were 
applicable to the duodenal stump, it 
certainly could be equally applicable in the 
most commonly performed enterectomy 
— appendectomy. The complications of 
hemorrhage, contamination and leakage 
in appendectomy are to be avoided as 
carefully as in duodenal stump closure. 

The illustrated clamp is a modification 
of the Furniss clamp with the handles 
angulated so as to permit its application 
in the depths of the abdominal wound, 
when the cecum is fixed and cannot be 
delivered. The application of the clamp 
crushes, shirrs and automatically sews 
the cecal base. One cannot be dogmatic 
as to the treatment of the appendiceal 
stump. Experienced surgeons have ex- 
pressed their views pro and con ligation 
and inversion. Simple ligation is stated 
to be dangerous because of the possibility 
of the stump “blowing out.” Ligation 
and inversion is condemned by others 
because the ligated stump is buried in a 
closed cavity which may result in a 
localized residual abscess or generalized 
peritonitis. Inversion without ligation is 
considered to be surgically sound since 
the stump is inverted into the cecal lumen 
and is not buried within the cecal wall. 


The late C. H. Mayo gave four reasons 
why he did not invert the stump: “fi) 
Invariably, in cases in which appendec- 
tomy with inversion of the stump has been 
done in combination with some other 
surgical procedure and death has resulted, 
there is a pus pocket in the inverted stump 
up to twenty-one days post-operatively; 
(2) the cultured suture material used to 
invert the stump, once having run thru 
the intestinal wall, invariably is infected 
with pathogenic bacteria; (3) non-inversion 
shortens the surgical procedure; and (4J 
I have not had occasion to regret not 
having inverted the stump.” 

The writer leaves the treatment of the 
stump to the good judgment of the indi- 
vidual surgeon, the designed appendectomy 
clamp permitting either ligation, inversion 
or both. When the clamp is applied, the 
cecal base is crushed and shirred. An 
atraumatic straight intestinal needle is 
then inserted in the distal or proximal 
groove and pushed through the crushed 
base. (Fig. ia.) The appendix is amputated 
bj' knife or cautery and the suture drawn 
through. (Fig. ib.) When the clamp is 
removed, the stump is crushed, shirred 
and its walls automatical!}- sewn. (Fig. ic.) 
At this point the surgeon may simply 
ligate (Fig. id) or may continue the 
original suture as a seromuscular suture 
to peritonealize the stump. (Fig. lE.) For 
those who choose to invert the stump 
without ligation, the technic is very simply 
modified by inserting a pin instead of the 
straight intestinal needle in the step 
illustrated in Figure ia. When the clamp 
is removed, the cecal base is shirred and 
temporarily pinned together. A right angle 



Nuw Si-RiE!> VoL LIV, No. ; 


Bowen — Modified Furniss Clamp 


American Journal of Surgery 


509 


Cushing stitch is placed and at its comple- 
tion the pin is removed, inverting the 
crushed but not ligated stump into the 


considerably from under the suture, favor- 
ing leakage and contamination. 

I believe that the ease with which this 



Fig. I. Illustration sho\^ing application of the Furniss clamp as modified bj the author 
in appendectomy, a, an atraumatic straight intestinal needle is inserted at the distal 
end of the clamp groove, and pushed through the crushed and shirred appendiceal 
base. B, a crusliing clamp placed proximal to appendiceal clamp and appendix 
amputated \\ ith cautery, c, show s the clamp remox ed, the suture hax’ing been draw n 
through, leax’ing the cecal base crushed, shirred and sewn together, permitting the 
surgeon to de.d w ith the stump as he chooses, either tying it (d) or peritonealizing it 
by a right angle Cushing seromuscular stitch c. 


cecal wall. While the same right angle 
suture may be placed over any toothed 
crushing clamp, the serrated crushing 
clamp has to be wiggled and maneuvered 


modified clamp may be applied to simplit} 
the treatment of the appendiceal stump 
may merit its addition to the surgeon’s 
a rm a menta r iu m . 



DOYEN TUMOR SCREW 

FURNISS MODIFICATION 


H. D, Furniss, m.d. 

NEW VORK, NEW YORK 


T he Doyen tumor screw is a useful The cup, on the shank of the instru- 
instrument, especially in operations ment, compresses the tissue around the 
for uterine fibroids. However, when shank as the instrument is screwed into 



the screw pierces a large blood vessel, as 
occasionally happens, free bleeding maj' 
result. To obviate such bleeding the Doyen 
screw has been modified as herewith de- 
scribed and illustrated. 


the growth, thus preventing escape of 
blood. 

This modification has been used with 
great satisfaction by me and some of my 
confreres for the past three years. 
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THE CARNERO 

A FISH PARASITE OF MAN AND POSSIBLY OF OTHER MAMMALS 
Kenneth W. Vinton and W. Hugh Stickler* 

From the Division of Schools, The Panama Canal, Canal Zone. 

CRISTOBAL, CANAL ZONE 


D uring the months of June, July 
and August, 1938, the writers were 
members of a collecting party on 
the headwaters of the Amazon River in the 
montana region of Eastern Peru. It was at 
Yurimaguas on the Huallaga River some 
400 miles above Iquitos that we gained 
firsthand information concerning the inter- 
esting fish parasites known by the collec- 
tive name camera (candiru in Brazil) which 
are alleged to have the vicious habit of 
entering the urethra of men and women 
bathers, particularly if they micturate 
while in the water. While traveling in Peru 
two years previously, the senior author had 
heard of these fish from an adventurer. 
Charley Lamott was a radio announcer, an 
ex-purser and a general traveler. He was 
familiar with the montana from Chile to 
Peru. Fifteen years before he had guided a 
gold-mining party over the Andes and 
do^^^^ the Amazon. While returning from 
South America in 1936 we had shared the 
same stateroom, and the strange story ot a 
fish which enters the body orifices was one 
of the many that he told. On that occasion 
the writer had listened to the story, smiled 
knowingly and discounted it as a myth. 
However, while dicussing the Amazonian 
fishes with Indians, one of them mentioned 
a slender fish that attacks people. They 
became quite excited when telling about 
the creature but did not make themselves 
clear as to how the attacks occurred. Resid- 


ing in Yurimaguas was Rev. Edgar J. 
Burns, a missionary with some medical 
knowledge and experience. When asked 
about the fish he said, “Oh yes! You mean 
the camera. It is true that they attack 
people by entering the body orifices and 
feeding inside the body. They have spines 
on the head, and once one starts into an 
opening the spines prevent it from being 
withdrawn.” The missionary had a wealth 
of information, and for the next few days 
the mission fairlj- buzzed with talk about 
the carnero. Yet reports of the existence of 
such creatures seemed incredible. 

Tales of these unusual fish have filtered 
out of the Amazon region for more than 
100 years. At first the stories were dis- 
credited as fantastic. However, there is no 
doubt that the creatures actually exist. Dr. 
H. H. Rusby, the well known pharmacog- 
nosist, has traveled extensively through 
tropical America and is well acquainted 
with the medical plants of that region. In a 
letter to us he says, “As to the attacks of 
the carnero on men and women the records 
are established. Feather-bed explorers and 
theoretical researchers have disputed the 
facts, but the evidence is abundant and 
confirmed.” 

Dr. Eugene W. Gudger, of the American 
Museum of Natural History, has made the 
most extensive study on this subject to 
date. From the literature he has brought 
together accounts extending from Martins 


* The .'luthors acknowledge ^Yith gratitude the assistance of Dr. Eugene W. Gudger of the American Museum of 

Natural History in the preparation of this article. 
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in 1829 to G. H. H. Tate in 1926. He also 
quotes letters from various practicing 
physicians in the Amazon region who 
recite their own experiences. In his A’olumc 
The Candiru^ he has reached the same 
conclusion as Dr. Rusby. 

For the three years previous to our visit 
Mr. Burns had given medical aid to the 
Indians in connection with his missionary 
work in Yurimaguas. Altogether he had 
worked in the Amazon country for seven 
years. During that time he had known ten 
persons who had been attacked by the 
carnero. In five instances he had had 
personal dealings with the victims at the 
time of the accidents, while in the other 
five cases he had treated the people for 
hemorrhage after the fish had been dis- 
lodged. At one time he had treated three 
persons within a week. 

It will be interesting to note the distribu- 
tion of sexes and ages in these attacks. 
Four of the victims were mature women, 
three were girls ranging from ten to sixteen 
years of age, one was a mature man and 
two were boys aged twelve and thirteen. 
Mr. Burns also added, “ Manj' other cases 
have been reported, but I have had no 
definite dealings with the individuals. How- 
ever, I have conversed with many of these 
victims at various times afterwards. In 
most cases the persons attacked were 
women, men comprising relatively few 
cases. After several years in this region I 
am prepared to state that women are the 
more commonly attacked.” This situation 
is to be expected when one considers the 
comparative anatomy of the genitourinary' 
organs in the two sexes. Inasmuch as the 
orifice is much larger in women, penetration 
is considerably easier. In all cases which 
came to Mr. Burns’ attention the urinary 
tract had been attacked. Rumors of en- 
trance into the mouth, ears, nostrils and 
anus Avere reported, but the missionary 
Avas unable to A'erify them. 

In the cases reported by Mr. Burns the 
pain Avas generally mild. Males seemed to 
suffer someAvhat more than females. Hoaa- 
ever, the fear element Avas great in all cases. 


From our oAvn conversations Avith the 
Indians avc concluded that they fear the 
carnero or candiru more than the vicious 
pana or piranha, Avhich also infest these 
Avaters. 

Questioned concerning the amount of 
bleeding, the missionary reported it as 
being most v'ariabie. He said: 

“In one instance a sixteen-year old girl 
came out of the water and did not knoiv 
that she had been attacked until she saAv 
the blood IloAving doAvn her legs. Naturally, 
at the moment it A\-as mixed Avith the A\ater 
running off her body, but cA'en aftenvards 
I had to giA’c her a suitable intraA'enous 
injection to stop the Hoav. In this case the 
bleeding Avas most profuse. Also in the case 
of the man and one boy the blood Hoav aa'us 
A'cry great, so much so that the A-ictims 
Avere becoming prostrate. Again I had to 
administer suitable injections to stop the 
hemorrhage.” 

Asked AA-hether he had CA-er knoAA-n of a 
person bleeding to death by an attack of 
this fish, Mr. Burns replied, “No, I haA'e 
not. The natNes speak A'aguely of such 
deaths, but here again there is no real 
proof. HoAveA’er, I certainly believe death 
could result, judging by the amount of 
blood some haA'e lost through the attacks.” 

The fish in question are small catfish 
belonging to the family Pygidiidae. These 
are long, slender fish Avith AA-eak fins, rasp- 
ing or file-like teeth and patches of spines 
on the head and opercula. (Fig. i.) Mem- 
bers of the group, as shoAvn by Gudger, are 
knoAvn to be secretiA'e, camiA'orous and in 
many instances ectoparasitic on Siluroid 
fish. The transition to endoparasitism, 
therefore, is not incredible since Ave find 
them liA'ing in the gills of many of these 
large Siluroids, rasping the delicate tissues 
and feeding on the blood. On this matter 
Norman says the carneros “ . . . habit- 
ually Ha'C Avithin the gill-caA-ities of large 
catfishes and other fresh-Avater fishes, their 
slender form enabling them to penetrate 
betAA'een the gills, the sharp teeth and 
opercular spines being used to start the 
floAv of blood from the host, Avhich is sucked 
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up by the mouth. The patches of spines on alternative since attacks occur as fre- 
the gill covers also serve to assist the fish to quently when one is micturating while in 
wriggle between the gill-Iamellae, and to bathing as when one urinates into the 





Fig. 1. Lateral view of Vandellia cirrbosa, natural size, show- 
ing general characters of pygidiicl cat fishes. (From Gudger 
after Cuvier and Valenciennes, 1S46.) 


retain the hold when once established. 
These features are shown in Figures i and 

2 . 

In these cases of internal parasitism 
there has long been the question as to 
whether the creatures are urinophilous. We 
queried Mr. Burns about this. He replied, 
“I asked one boy about that after he 
recovered. He said he was urinating in the 
water when he first felt something and at 
once rushed out of the river without bath- 
ing. However, he had already been at- 
tacked. In every case where the people 
have spoken with any certainty at all the 
situation seems to be the same as with the 
boy.” Then, in this connection, he related 
this interesting incident: “A neighbor of 
mine rushed a cow to his balsa or raft to 
embark it. The animal did not wish to go 
on to the craft. As it was urinating, it 
slipped into the river and came up bleeding 
profusely — decidedly from the urinary 
vent. I understand the cow died the same 
day from loss of blood.” His reply to our 
letter on this point does not state how long 
the animal was in the water nor how long 
the attack lasted. Another case of a cow 
being attacked will be considered later. 
These instances do not prove that the fish 
are urinophilous, but apparently urine is a 
factor to be considered in the attack. 

Dr. Gudger'" suggests three possible 
interpretations: that these fish are tropic to 
urine, that they are merely reacting to the 
current of water and would have so re- 
sponded if water from the same stream had 
been poured out of a bucket or tea-kettle, 
and third that thev are attracted bv the 
noise. We are inclined to question the last 


water. Concerning this Norman writes, 
“The little fish appears to penetrate into 
the urethra especially, if not always, during 
micturition, and it has been suggested that 



Fig. 2. Ventral view of 
the head of Vandellia 
cirrbosa, sho^^ing ven- 
trally placed mouth 
with five teeth in 
upper jaw and inward 
and backward point- 
ing spines on lower 
part of each oper- 
culum. (From Gudger 
after Cuvier and Va- 
lenciennes.) 

it is definitely attracted by urine. It seems 
more probable, however, that the flow of 
urine is merely mistaken by the fish for the 
respiratory current coming from the gill- 
opening of a fish.”'' These observations are 
merely recorded here. Whether the para- 
sites are tropic to urine can be settled only 
b}-- experimentation. However, the present 
evidence tends to indicate such a tropism. 
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Numerous reports have been made as to 
the precautions taken to prevent accident 
when bathing. In some sections of the 



Fig. 3. Later.if .md underside 
views of genital guard worn by 
men of Kanape and Tapirape 
tribes along Araguana River, 

(From Gudger after Krause, 

1911.) 

Amazon the men tie the prepuce with a 
string. In other regions sheaths woven from 
palm leaf fibers are worn by both men and 
women. Such sheaths are known to be used 
bj' the natives living on the headwaters of 
the Tocantins and Xingu Rivers of the 
Amazon system. Gudger figures and de- 
scribes three of these, and of these three we 
reproduce one in lateral and underside 
views. (Fig. 3.) At Yurimaguas apparently 
no such devices were used. Most of the 
people do not even enter the water when 
they bathe. They are afraid of the carnero 
and prefer to pour water over themselves 
from calabash containers. Only the younger 
children enter the water without anything 
on. The adults almost always use some sort 
of pants. Possibly the fact that these people 
have a dependable cure may be a factor 
in this lack of special protection. 

Once the fish has attacked, the treatment 
seems to var^'' in different regions of the 
Amazon. Many explorers report immediate 
surgery as the only type of relief. In 1897, 
Dr. G. A. Boulenger, Curator of Fishes at 
the British Museum of Natural History, 
quoted Dr. J. Bach, a physician in active 


.service on the Jurua River, as contending 
that the onlj’ means of preventing the fish 
from reaching the bladder, where it causes 
inflammation and ultimatel}' death, is to 
operate immediately. He also records the 
examination of four natives, a man and 
three boys, in which the penis had been 
amputated as a result of this dreadful 
accident. We were unable to find such seri- 
ous consequences at Yurimaguas. 

Here the locally recognized and only 
treatment used is that of the buito orjagm 
fruit, \^''e collected this fruit. It has been 
identified by Mr. Charles Gilly and his 
identification confirmed by Air. B. A, 
Krukoff and Dr. Albert C. Smith, all of the 
New York Botanical Garden, as Genipa 
americana L., the fruit of a common tree in 
the tropics of Central and South America. 
(Fig. 4.) The only references to this treat- 
ment which we are able to find are in the 
writings of Poeppig (1836) and Marcoy 
(1869) as quoted by Gudger. Even here it 
is to be noted that Poeppig uses the spelling 
Xagua. However, there seems to be no 
doubt that it is the same fruit in all cases. 
We quote first from Poeppig; “In Yuri- 
maguas I myself have been an eyewitness 
of such an attack. An Indian woman, after 
an attack bj' a Carnero into the vagina, 
suffered such frightful pain and loss of 
blood that she was given up to die. How- 
ever, after both internal and external 
applications of Xagua, the little fish was 
gotten out and the woman came through 
alive.”^ And Gudger quotes Marcoy as 
follows: “To the horrible sufferings which 
the introduction of this living needle may 
occasion, the Uca5'ali doctors know of but 
one remedy \vhich consists of a tisane made 
with the genipa or buitach apple, and 
which, taken \'erj' hot, acts, the}' pretend, 
on the urinary passages, and dissoh'es the 
animal which obstructs them.”® 

Both Dr. H. H. Rusby, referred to prex'i- 
ously, and Dr. Paul C. Standley, Curator 
of Botany at the Field Museum of Natural 
History, are familiar with this tree, but 
neither had ever heard of the juice of the 
unripe fruit being used in treating attacks 
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by the carnero. Dr. Rusby writes to us 
that: “The juice, when unripe, makes a 
fairly good indelible ink, and 1 have often 
thought that it might be so treated as to 
make it commercially valuable for that 
purpose, or for dyeing. I have never heard 
of its use in the treatment of candini lesions 
and do not see how, in the nature of the 
case, it could be of service. This fish forces 
its way into the urethra as far as possible 
and cannot be removed without severe 
surgical operation because of the spreading 
of its fins. The damage is thus mechanical, 
and there is nothing specific that can 
be done in treatment. This astringent 
juice would doubtless tend to check the 
hemorrhage.” 

All that Dr. Standley has to say concern- 
ing this fruit is that; “Upon cloth and 
other articles the juice produces a brownish 
or blackish permanent stain, hence it is 
much used by the primitive inhabitants of 
the region for dyeing, and especially for 
painting the body.”' We found that if the 
green center is rubbed on the skin it turns 
black very soon afterward and remains so 
until it wears off. Certain of the natives 
along the Huallaga seemed to think that it 
aids in repelling insects and curing insect 
bites. At least when insect pests became too 
abundant the natives often painted their 
legs, arms and even their faces with this 
juice. Opinion as to its effectiveness seemed 
to be divided. 

As stated above, the unripe jagua fruit 
(Fig. 5.) is the standard treatment for 
dislodging the carnero once it has attacked. 
The centers of the smaller green fruits are 
scraped out, mashed and squeezed and 
mixed with water, the strength of the 
preparation varying considerably. The 
potion has a bitter taste and the puckering 
effect of a fairly strong astringent. The 
preparation is taken by mouth. In a com- 
paratively short time, varying from a few 
minutes to about two hours, according to 
the natives, the fish is dislodged. Mr. Burns 
states that, although this cure sometimes 
causes the patients to become quite 
nauseated, he has never known the treat- 


ment to fail, nor can he learn of a failure 
from the natives. Neither has he ever 
known the fish to be dislodged without this 
form of treatment. 



Fig. 4. The jagua tree, Genipa ameii- 
cana L., which is found throughout 
tropical Central and South America. 

The birds on the branches are vul- 
tures. (Photograph by Ralph Davis.) 

Fig. 5. Unripe jagua or buito fruit, 

Genipa americana L., the juice of 
which is used to dislodge the carnero 
once it has attacked. (Photograph 
by W. Hugh Stickler.) 

It appears that in the region of Yuri- 
maguas, as well as in a number of other 
settlements along the lower Huallaga 
River, the juice of the green jagua fruit has 
for generations been administered in the 
case of attacks b}' the carnero. At least in 
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1938 everybody knew about the treatment 
and conversed freely concerning it as they 
did in Poeppig’s day — 1836. The fish is 
reported to have been successfully driven 
out of the host’s body so frequentl}' that it 
is difficult to believe that the desired results 
have occurred as timely accidents in such a 
large number of cases. But in the absence 
of scientific proof the best we can do is to 
speculate in the matter. 

Even after leaving Yurimaguas on the 
Huallaga River, and while traveling along 
the Ucayali for eight or nine hundred miles, 
frequent inquiries disclosed the fact that 
the natives along the whole length of the 
lower river were familiar with the carnero 
and feared its attacks. When asked what to 
do in case a carnero should attack us, the 
jagua juice was invariably mentioned as 
the cure. On one occasion while traveling 
through the native town of Pucalpa, some 
eight hundred miles up the Ucayali, the 
senior author stopped an Indian under a 
jagua tree and asked, “Does this tree have 
any medicinal value?” “Si, si, senor,” he 
answered, “ It is used in driving the carnero 
out of your body when it is eating you.” 

Again picking up our story in Yuri- 
maguas, two cases will serv^e to show the 
nature of these attacks and the treatment 
employed. In the case of the ten-year old 
Indian girl, the fish had been lodged in her 
genitourinary passage for six hours before 
it was finally driven out by the native 
treatment. The Peruvian doctor, who had 
only recently arrived in this section from 
the dry west coast of Peru and who was not 
familiar with this phenomenon, said the 
fish would have to be removed by surgery. 
The girl’s parents refused consent and 
brought the case to Mr. Burns. He sent for 
several of the older and most reliable 
Indians and asked them about the native 
cure. They all agreed that the green fruit of 
the buito or jagua tree would drive the fish 
from her body. He told them to administer 
their customary treatment. They said the 
fish came out, but the missionary never saw 
it, their excuse being that the chickens had 
eaten it when it was put aside. Some three 


hours later the parents called again, and 
Mr. Burns gave the girl a suitable hypo- 
dermic injection to stop the hemorrhage. 
The injured organs in the girl’s body be- 
came infected, and she was quite ill for 
several weeks. Under Mr. Burns’ care she 
finally recovered and seemed none the 
worse for the experience. 

Another gruesome case was that of a 
thirteen-year old boj'. The fish had entered 
his penis, and b}'^ the time the 3'oung Indian 
had reached the mission a half hour after 
the attack his trousers were saturated u'ith 
blood, and it was running over his bare 
feet. He seemed to be in considerable pain. 
Mr. Burns, fearing that he might not 
succeed as the Indians do with their huito 
juice, said that he had no medicine for such 
cases. He suggested that thej' treat the bo}* 
according to their own customs and lost no 
time in sending the Indians for the fruit. 
This time thej' had to cross the river, over 
one-fourth of a mile wide at this point, to 
get green fruit. There was plenty of ripe 
fruit at hand, but this is not suitable for 
the treatment. The men brought the green 
fruit, prepared it, and gave the boy a good 
drink, about a pint, of the unpalatable 
medicine. This, of course, could be pre- 
pared in varydng strengths. The next day, 
hearing that the boy was very weak from 
loss of blood, Mr. Burns went to his house 
and was told that the fish was dislodged 
about two hours after the potion was 
administered. The boj- was still suffering 
with a slight hemorrhage, and micturi- 
tion was painful. However, he recovered 
completely. 

Not onlj'^ human beings but also domestic 
animals as well are attacked bj^ these fish. 
The case of a cow reported as being at- 
tacked and killed has been noted. Mr. 
Burns stated that in order to prevent their 
bleeding to death many cows had been 
slaughtered. Such attacks are made easj^ bj' 
the custom of bringing the cattle down- 
stream to the local market at Yurimaguas 
by making them swim alongside a dugout. 
The animals maj"^ be in the water for 
lengthjf periods. Considering the number 
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of animals brought to market in this who dressed the carcass all declared it was 
manner, the number of attacks is relativel}" the result of an attack by a carnero. Mr. 
few. One instance is worthy of considera- Burns completely discredits the possibility 
tion since it shows the extensive loss of of an attack by piranha in this instance. 



Fig. 6. T^Yo specimens of Fig. 7. A close-up of 

cameros hanging on Vandellia plaizae. 

the finger by means of (Photograph by Ralph 

the spines on their Davis.) 

opercula. (Photograph 

by Ralph Davis.) After the COW was slaughtered the mis- 

blood during a severe attack. It happened sionary examined the parts affected. He 
that the cow was white, and hence the reports that: “Slight lacerations were to be 
spectators noticed her bloody coat as soon found some three inches more or less up the 
as she climbed the river bank after her urinar}* tract. Seemingly only this region 
tAvo-hour swim doAATistream. The owner, ''vas attacked since the vaginal and uterine 
seeing that the animal was very weak, tissues showed no injury. The lacerations 
called for assistance. Mr. Burns" reports 'vere not extensive but appeared somewhat 
that she was half-carried, half-dragged by raised and whitish.” The fish, however, had 
the men to the nearby slaughter house, escaped. The carcass was eaten by the 
When her throat was slashed the surprised natives. 

bystanders found that very little blood This brings us to another interesting 
flowed from her veins. The creature bore no point. Several times Mr. and Mrs. Burns 
sign of external injury nor sign of ill treat- had tried to eat the flesh of cows that had 
ment by man, stick, or piranha. The men been slaughtered after an attack by the 
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carnero, not, however, in the case just 
mentioned. In each instance thej’’ reported 
that the flesh was “most distasteful.” Mr. 
Burns added, “Very little trying was 
sufficient, and the meat was thrown out. 
It had a strong taste. In each instance the 
animal had been brought to town swim- 
ming alongside a dugout when the attack 
was made. Whether different grazing 
conditions upstream could make the differ- 
ence in taste we are not sure.” When asked 
whether their psychological reactions might 
not have entered into the consideration, 
Mr. Burns steadfastly maintained that: 
“Under no circumstances could it have 
been our psychological reactions because 
we did not know what had happened until 
we inquired aftenvards.” We offer no 
explanation here, but we do believe this 
account is worthy to be recorded. 

Upon learning that the carneros could be 
caught by using a large piece of bloody 
meat, we spent two long afternoons fishing 
for them. The first time we used a cow’s 
lung, which we repeatedly sopped in blood, 
and captured two nice specimens. On the 
second occasion turkey viscera sopped in 
turkej'^ blood was offered but with no 
success. The turkey viscera sank so deep in 
the water that it was eventually consumed 
by the small piranha. The lung was floated 
in such shallow water that the piranha did 
not bother it so much. 

When the slithery carneros found the 
bloody meat, the dip net was not necessary 
to capture them for they writhed about and 
literally wormed their way into the flesh. 
When the lung was lifted from the water 
they clung to it with their spines and were 
removed only with some difficulty. In the 
same wa3' the}' clung to the finger of their 
captor as shown in Figure 6. These speci- 
mens have since been identified at the 
American Museum of Natural History by 
Mr. John S. Robas as Vandellia plaizae, 
one of the specimens known to attack man. 
Of course, there are a considerable number 
of other species in the family Pygidiidae 
which also are known to have this unusual 
habit of endoparasitism. 


Our specimens were between five and six 
inches long and were of a diameter rather 
less than that of a lead pencil. We were led 
to believe that most of the offenders are 
considerabl}' smaller than this. Our fishes 
were light in color, had smooth skins, and 
each had a pair of short “feelers.” Hand 
lens magnification showed four rounded 
clusters of curved needle-Iike spines on the 
fish’s head. A pair of spine clusters were on 
the margin of the gill covers were up on 
each side of the head, and two were on the 
opercula underneath. The mouth was 
somewhat sucker-like with a number of 
rasping spines or teeth in the upper jaw. 

Figure 7 is made from a photograph in 
oblique-dorsal view and hence does not 
show the details referred to in the preceding 
paragraph. These details maj' be seen in 
the drawings reproduced in Figures i and 2. 
Figure 7 does, however, give an idea of the 
general form of the body, tail and fins. As 
far as we know, these are the onl}' photo- 
graphs of the carnero ever published. 

The little fish are extremely bloodthirsty. 
Even after the lung was lifted from the 
water, the vicious little creatures continued 
to crawl about the bloody surface biting and 
chewing as they went. One of the specimens 
found an opening in the lung and almost 
disappeared by rapidly wriggling its way 
inside. When an attempt was made to pick 
up the live specimens, their instant reaction 
was to turn and bite the offending fingers. 
The bite of these fish was like the rasping 
of a coarse file (Fig. 2) and, like a file, 
would draw blood if applied too often in the 
same spot. Without a doubt this fish can 
cut through tender mucous tissue in a short 
time, if not with the first rasp. 

Since we had two live specimens, this 
seemed an excellent opportunity to test the 
effect of the jagua juice on them. Although 
the water in the large container in which 
the fish were kept was changed several 
times during the night, one of the fish was 
nearly dead and the other quite sluggish the 
following morning. The jagua was collected 
and the juice prepared as quickly as possi- 
ble. Then the livelier specimen was placed 
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in the dilute mixture. The little fish became 
suddenly active and, after swimming 
around rapidly and showing other signs of 
discomfort for about two minutes, turned 
over on its back and remained motionless. 
The fish was not dead, however, for upon 
being placed in fresh water it revived. It 
was unfortunate that we did not have more 
live specimens with which to experiment 
for the vitality of this one was at low ebb, 
and the reaction may not have been 
normal. 

At the present time there seem to be two 
interpretations of the manner in which the 
fish injures its host. Some well known 
scientists, including Dr. H. H. Rusbj^ 
think that the injuries are of a mechanical 
nature only and are caused by the fish as it 
uses its needle-like spines to work its way 
in the tender tissues. Others hold that the 
carnero feeds upon blood and uses this 
method of finding tender membranes that 
it can rupture easily with its rasping teeth. 
We are inclined to subscribe to the latter 
viewpoint. It is definitely known that the 
Pygidiidae are secretive and ectoparasitic 
and that some of them are endoparasitic. 
It seems reasonable to suppose that a fish 
that has taken the trouble to work its way 
inside of a host’s body has done so because 
of some strong instinctive urge. Since there 
is such profuse bleeding in many cases it is 
logical to believe that the fish has sought 
this location for the purpose of feeding on 
blood and possibly the tender tissues. In 
fact, the bleeding is so out of proportion to 
the size of the lacerated area that we are 
tempted to speculate on the possibility that 
the fish passes the blood through its o\\ti 
body at a rapid rate in addition to the 
hemorrhage from the mechanically Injured 
tissues. That, however, would be purely 
conjecture. Nevertheless, carneros greatly 
distended with blood have been reported. 
For instance, Gudger^ quotes Elgenmann 
as capturing Vandellia sanguinea “ . . . 
gorged with blood.” The bloodthirsty dis- 
positions of the live carneros and the 
frenzied manner in which they attacked 
the bloody lung when they were being cap- 


tured also indicate that the fish in question 
had avid appetites for blood. 

Assuming that the fish feeds on blood, it 
appears possible that the jagua juice may 
contain some chemical substance that will 
affect the blood sufficientl}^ possibl}"^ by 
making it distasteful, to cause the fish dis- 
comfort and to stop the feeding process. 
One might reasonablj^ expect that once the 
feeding had stopped the fish would attempt 
to dislodge itself. Here we seem justified in 
venturing the conjecture that the head and 
opercular spines are under muscular con- 
trol and can be withdrawn when the fish so 
wills. The case of the white cow seemed to 
indicate that the fish had returned to the 
water when they had practically ex- 
hausted the animal’s blood suppl5^ How- 
ever, among human victims we heard of no 
case wherein the fish became dislodged 
without the jagua juice treatment. 

Many questions arise in connection with 
these strange creatures. How does the fish 
obtain oxygen while in the host’s body? 
How long can it live as an internal parasite? 
Will it eventually leave the host of its own 
accord? Is the creature attracted by the 
odor of urine? Is it really a blood-feeder or 
are the injuries purely mechanical? If it is a 
blood-sucker, what does it feed upon when 
it cannot find blood? How does the jagua 
juice bring about the dislodgement of the 
animal? Since these fish attack man and 
cattle, may they not also attack the warm- 
blooded manatees and porpoises which 
inhabit the waters of the Amazon? These 
and other problems offer unusual dis- 
closures to the scientist who can unravel 
them. 
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ABDOMINAL SURGERY OF INFANCY AND 

CHILDHOOD* 

By William E. Ladd, m.d. and Robert E. Gross, m.d. 

W HEN the editors of The American Journal of Surgery 
decided to devote an entire issue to the Surgical 
Diseases of Children, they survej'^ed the field in quest 
of a Guest Editor who was pre-eminent in this field. Einally, they 
decided on William E. Ladd. He accepted the assignment and the 
popularity and extraordinary worth of that number is now history. 
Therefore, we were not surprised to learn that he and Dr. Gross 
had written a complete work entitled “Abdominal Surgery of 
Infancy and Childhood” which has been published by the Saunders 
Compan3^ Upon the receipt of this book for review we immediately 
sought from those in the profession, who had the book and whose 
opinions were reliable, an expression of their views regarding this 
work. In ever}' instance the response was the same: “Good.” Some 
called it “marvelous,” “very much need” or “top-notch,” After 
carefully going through its pages we, too, can use any of the adjec- 
tives denoting its superiority and excellence. 

Twenty-five years ago the late Dr. James S. Stone first fostered 
the idea of devoting the major part of the time of the surgical 
staff of Boston Children’s Hospital to pediatric surgery. As the 
authors state, “This does not imply that pediatric surgery should 
always be set apart as a separate specialty, but it does indicate 
that infants and children can obtain improved surgical care if an 
appropriate number of men in each community will take a particular 
interest in this field and give it the attention which it rightfully 
deserves.” 

This book, which is devoted to that part of children’s surgery 
which involves the abdomen, was written with the intention of 
developing better methods of examination, more detailed preopera- 

* Philadelphia, 1941. W- B. Saunders Company. 
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Fig. 1. Steps in operative treatment of congenital hypertrophic pyloric stenosis, i, 
position of the skin incision. Right rectus, muscle-splitting incision. 2, delivery of 
the pylorus up into the operative wound, 3, pylorus held between two fingers, and 
rotated downward so that' incision can be made along its superior surface where the 
vascularity is minimal. Incision carried through onlj^ the serosa and superficial muscle 
fibers. 4, division of the deeper muscle fibers with a blunt instrument. A rounded handle 
of the scalpel serves best for this step. 5, separating the edges of the muscular coat with 
a hemostat, so that the mucosa is exposed and is allowed to bulge up into the muscular 
defect. 6, pylorus dropped back into the abdomen, showing the pyloromyotomy on its 
superior surface. 7, cross section of hj'pertrophied pylorus before operation (.left) and 
after operation (right). Following operation the mucosa pouts up through the muscu- 
lar slit to the level of the preexisting serosa. (Fig. 6, on page 12, in Ladd and Gross’ 
“Abdominal Surgery of Infancy and Childhood.” W. B. Saunders Compan3^) 
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Fig. 2. Method of operative reduction of iieo-colic intussusception, i, incision is alwajs madt 
on right side of abdomen, regardless of position of palpable mass. 2, findings on opening 
abdomen. Ileum is intussuscepted into ascending colon. Intussusception extends almost to 
the splenic flexure. 3, portion of hand passed in to left side of abdomen so that the finger 
tips can push back intussusceptum in direction of arrow. 4, intussusception has been reduced 
to the ascending colon winch is now delivered out of the abdomen. Squeezing over the distal 
end of the mass is now begun. 5, cecum and appendix hav’e been delivered. Remaining 
intussusception in ileum is reduced by continued squeezing on the receding mass. 6, reduction 
completed and intestines returned to abdomen. (Fig. 7", on page 1 16, in Ladd and Gross’ 
“Abdominal Surgery of infanev' and Childhood.” XV. B. Saunders Companv.) 
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tive and postoperative care and a more specialized and delicate 
operative technic. The authors have lived up to this blueprint to 
the letter. For many years the authors and their co-workers intended 



Fig. 3. Male infant \\ith imperforate anus (Tjpe 3). Left, appearance of peri- 
neum at one day of age, prior to operation. Right, appearance of anus t\\o 
months after proctoplasty (sphincter muscle has good tone). (Fig. 112, on 
page 174, in Ladd and Gross’ “Abdominal Surgery of Infancy and Childhood.” 

W. B. Saunders Company.) 

to gather the subject matter which would result in this book but 
Inadequate financial backing postponed the effort until a generous 
grant was received from the Godfrey M. Hyams Trust Fund which 
made it possible to bring the work to completion. 

The contents include chapters on congenital hypertrophic 
pyloric stenosis, peptic ulcer, gastrostomy, congenital atresia 
of the intestine and colon, congenital stenosis of the intestine and 
colon, intestinal obstruction resulting from malrotation of intestine 
and colon, Meckel’s diverticulum, duplications of the alimentary 
tract, foreign bodies in the gastrointestinal tract, intussusception, 
polyps of intestine and colon, congenital megacolon, chronic idio- 
pathic ulcerative colitis, malformations of the anus and rectum, 
primary peritonitis, appendicitis, hiac adenitis, omental cysts and 
mesenteric cysts, diseases of the spleen, congenital atresia of the 
bile ducts, obstructive jaundice from inspissated bile or mucus 
in the biliary passages, idiopathic dilatation of the common bile 
duct, cholecystitis, cholelithiasis, hepatic tumors, anomalies of the 
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gallbladder, injury to the extrahepatic bile ducts, rare conditions 
of the umbilicus and abdominal wall, omphalitis, omphalocele, 
umbilical hernia, congenital hernia of the diaphragm, intra-abdom- 
inal hernia, inguinal hernia, hj'drocele, undescended testis, tortion 
of testis and appendix testis, diseases of the female genital tract, 
exstrophy of the bladder, embrjmma of the kidnej'^ and neuroblastoma 
sympathicum. 

A Bibliography (only when necessary to supplement the authors’ 
material) is at the end of each chapter. The illustrations (about 
270 in number) are very well done and there is an elaborate Index. 

It goes without further sajnng that this book should be owned 
and read carefully by every surgeon who is called upon to diagnose 
and operate upon abdominal surgical conditions in infants and 
children. It is one of the j^ear’s most important contributions to the 
surgical field. 



SPECIAL MONOGRAPH 


CESAREAN SECTION 


The Modern Operation 


BY 

CHARLES A. GORDON, M.D. 

Professor of Clinical Obstetrics and Gj-necology, Long Island College of Medicine 

AND 

ALEXANDER H. ROSENTHAL, M.D. 

Instructor in Obstetrics and Gynecology, Long Island College of Medicine 



AMERICAN JOURNAL OF SURGERY, Inc. 


NEW YORK >• MCMXLl 





TABLE OF CONTENTS 


Page 

1. Introduction 528 

2. The Cesarean Factor in Puerperal Mortality 529 

3. Indications 530 

a. Contracted Pelvis 530 

b. Antepartum Hemorrhage 533 

Placenta Previa 533 

Ablatio Placentae 534 

c. Pelvic Tumor 535 

d. Abnormal Presentation 536 

e. Postoperative Dystocia 537 

f. Fetal Indication 538 

g. Previous Cesarean Section 539 

h. Medical Complications 542 

Cardiac Disease 542 

Tuberculosis 543 

Diabetes 543 

i. Other Indications 545 

4. Contraindications 545 

5. Preparation for Operation 547 

6. Blood Transfusion 549 

7. Anesthesia 550 

8. Incidental Surgery 555 

9. Types of Cesarean Section 556 

Classical 558 

Lo^Yer Segment 560 

Peritoneal Exclusion 568 

Extraperitoneal 570 

Hysterectomy 573 

Exteriorization 575 

10. Postoperative Care 576 

11. Complications AND Sequelae 577 

12. Prognosis 579 

13. Conclusion 581 

14. References 583 



CESAREAN SECTION 

THE MODERN OPERATION 


Charles A. Gordon, m.d. 

Professor of Clinical Obstetrics and Gj^necologj', Long Island College of Medicine 

AND 

Alexander H. Rosenthal, m.d. 

Instructor in Obstetrics and Gynecology, Long Island College of Medicine 
BROOKLYN, NEW YORK 

INTRODUCTION 

C ESAREAN section is a comprehensive term for all the opera- 
tions which have been devised to effect the delivery of 
the child through an incision in the abdominal wall and the 
uterus. Laparotomy for abdominal pregnancy" and rupture of the 
uterus during pregnancy and labor is not included. Vaginal cesarean 
section is misnamed. 

The operation itself is of great antiquity. Its history has been so 
often written that it will not be repeated in detail here. For centuries 
results were so bad that it was merely an operation of last resort, 
performed after failure of infravaginal delivery. In the United 
States, hardly more than fifty years ago, cesarean section was a 
formidable operation with about 6o per cent mortalitj^ Because of 
its hazards it was held “chiefly justifiable in cases in which crani- 
otomy and the delivery of the child through the natural passages 
involve the life of the mother in still greater peril, and indicated 
therefore in extreme pelvic contraction, in the case of solid tumors 
which encroach upon the pelvic space, and in advanced carcinoma- 
tous degeneration of the cervix.”®^ Many operators did not suture the 
uterine incision at all but were content with uterine contraction 
initiated by friction and the use of ice. Women died of sepsis and 
hemorrhage then as they do now. Kehrer,®’ not Sanger, really 
deser\’’es credit for priority in the modern operation, for in i88i he 
performed a new type of cesarean section through a transverse 
incision in the lower uterine segment at the level of the internal 
os, and closed the uterine muscle and overlying peritoneum 
separately. 
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THE CESAREAN FACTOR IN PUERPERAL MORTALITY 

Improved technic has so widened the indications of even a few 
years ago, that many have come to believe that cesarean section is 
safe enough for all obstetric difficulties, even minor ones. Yet 
cesarean section occupies a very prominent place in puerperal 
mortality. Statistics in support of this statement are available from 
almost every section of the United States, \'et excellent results in 
large numbers of cases are reported by skillful operators who exercise 
good judgment in the selection of patients and the proper t3-pe of 
operation. 

The Obstetric Advisor^' Committee of the Children’s Bureau®^ 
commenting on maternal mortalitv in fifteen states defined cesarean 
section as an abdominal operation to remove a viable fetus through a 
uterine incision and found it “evident . . . that poor selection of 
cases and unwise selection of the type of operation were frequent. 
The number of classical cesareans done for abnormal presentation 
after deliver}^ from below was attempted was astounding. Forty-five 
per cent of all the women who had cesarean section had had more 
than one pregnancjL Local anesthesia was used in surprisingly few 
cases. The tremendous mortality attending cesarean section through- 
out the United States warrants a careful review of the indications for 
the choice of operation.” 

In New York City from 1930 to 1932, 19.8 per cent of all maternal 
deaths were preceded b}* cesarean section.’^ In 1939, in 108,018 
terminated pregnancies, 2,558 cesarean sections were performed with 
a mortality of sixty-eight or 2.7 per cent, j-et 21.3 per cent of all 
puerperal deaths followed cesarean section; twenty-seven of these 
deaths occurred in the Borough of Brookljm, contributing 24.5 per 
cent to its total puerperal mortality.^- Hemorrhage and shock were 
common immediate causes of death. 

DeNormandie,^® reviewing the number of cesarean sections in 
Massachusetts in 1937, found an incidence of i in 30.3 births. 
Irving'*® found that 24 per cent of all puerperal deaths in California in 
1928 followed abdominal deliver^y while in Boston, from 1933 to 
1935, 27 per cent of all puerperal deaths were preceded b}* cesarean 
section. 

L^'nch®® states that “more than one-half of the deaths following 
section have occurred in women who previousl}’^ had borne children 
through the normal birth passages. And furthermore 0.76 per cent 
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of all women delivered in the United States in 1934 were by cesarean 
section.” 

Since death following cesarean section is often not due to the 
operation itself, Schumann®^ insists that mortality should be assigned 
to cesarean section only when due to the unavoidable complications 
of intraperitoneal surgery like pulmonary or cerebral thrombosis, 
rarelj' peritonitis, and still more rarely postpartum hemorrhage. 
After vaginal delivery, he points out, death is assigned according to 
the underlying cause, as for example, eclampsia, abruptio placentae 
and puerperal septicemia. Statisticians, however, must assign 
cesarean section deaths to the international list numbers 149 (other 
accidents of childbirth), 146 (puerperal hemorrhage), 147 (infection 
during childbrith and puerperlum), and 144 to 148 (the toxemia 
group). 

The puerperal death rate in the United States has decreased 1 1 
per cent from 49 per 10,000 in 1937 to 43.5 per 10,000 in 1938, and it 
appears that the rates for 1939 and 1940 will be still lower; yet the 
rising incidence of cesarean section with its high average mortality 
promises to destroy our obstetric gains. Improved surgical technic 
has properlj’^ widened the range of operation, but appreciation of the 
importance of contraindications to cesarean section has lagged 
behind. Those who are unable to assess the risk of cesarean section or 
are incompetent to weigh its indications and contraindications, 
should not perform the operation, whatever their technical ability. 

INDICATIONS 

Contracted Pelvis. In severe pelvic contraction, as a rule, ce- 
sarean section is Indicated when the child is alive, and craniotomy 
if it is dead. Infection may be so severe, however, that election of 
abdominal delivery should be very seriously questioned. When pelvic 
contraction is so great that vaginal delivery of a dead fetus by 
embryotomy is not possible, the indication for cesarean section is 
absolute. Thus, with a diagonal conjugate of 9.0 cm. or less, delivery 
of a living full term baby is practically impossible, and cesarean 
section will be necessary. Cesarean section is so clearly Indicated in 
major degrees of pelvic contraction, that it should be elected before 
labor begins. 

In moderate pelvic contraction with a diagonal conjugate 
between 9.5 and i i.o cm. cesarean section is often elected, yet spon- 
taneous delivery mav follow good labor. In the majority of cases of 
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minor pelvic contraction, vith a diagonal conjugate below normal 
but not less than i i.o cm. it is likely that spontaneous deliver}' will 
occur. In some cases, however, it is difficult to know beforehand 
whether pelvic delivery is possible or not. Molding of the vertex is 
variable and depends on the consistency of the fetal head; and the 
size of the fetus is an important factor. Presentation and position 
must be given due weight, and good labor is essential. The patient’s 
age, behavior of the soft parts and the time of rupture of the mem- 
branes must also be taken into consideration. 

Severe outlet contraction, if established, is a proper indication for 
cesarean section, yet a narrow pubic arch and short transverse diam- 
eter may be well compensated in the hind pelvis. In cases of short 
bisischial diameter the sum of the bisischial and posterior sagittal 
diameters should equal 15 cm. for infravaginal delivery to be possible 
with a baby of average size. 

The majority of women with contracted pelvis may be delivered 
satisfactorily by the vaginal route. Muellers method of fitting the 
head into the pelvis has some value. If the lowest level of the vertex 
can be forced into the pelvis as far as or below the level of the spines, 
good labor should result in vaginal delivery. If overriding cannot be 
overcome, pelvic delivery is possible though unlikely. Occasionally, 
the soft parts prevent the fetal head from engaging. Slow dilatation 
of the cervix is a proper indication for cesarean section only when 
there is grave doubt of pelvic delivery. 

We have become more and more aware of the limitations of 
pelvimetry by other than roentgenographic methods, yet as a rule 
the diagnosis of contracted pelvis is made without the use of x-ray, 
and measurement of the diagonal conjugate is generally held to be a 
reliable index of pelvic capacity. Thorns®^ has said, “A reasonable 
effort should be made to measure the diagonal conjugate, always 
remembering that the calculation of the true conjugate may not be 
accurate, and that marked shortening of the transverse diameter of 
the superior strait may be present, with no shortening of the true 
conjugate.” 

Caldwell and Moloy^" “are opposed to the use of roentgen 
methods on the results obtained from mathematical formulations of 
a few pelvic and fetal diameters.” They say that while “exact diame- 
ters may be attained by roentgen methods in actual practice, the 
significance of these measurements is difficult to determine. One of 
the serious drawbacks to the use of a few cardinal diameters as a 
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basis for prognosis is the fact that compensatory space does not enter 
into such calculations.” Stereoroentgenography, however desirable, 
is not as practical for the average hospital as the grid method of 
Thoms, an excellent and a very much simpler procedure. 

Roentgenometric pelvimetrj^ gives us accurate information on 
the topography of the pelvis, yet the power of the expulsive forces 
and the capacit}”^ of the head for molding and adjustment to the 
pelvic brim are very difficult to determine; nor can x-ray be trusted 
to provide us with accurate knowledge of the relationship of the size 
of the fetal head to the pelvis. The patient with the borderline pelvis 
or cephalopelvic disproportion presents a very serious problem 
indeed. There can be no doubt that this diagnosis is responsible for a 
great many unnecessary cesarean sections. Molding of the vertex and 
engagement itself often occur only after a real test of labor, which 
may terminate in deliver3% or all too often in dj'Stocia, and finally 
cesarean section performed so late that the risk should not have been 
taken. 

Trial or Test of Labor. At the end of pregnancy, or the begin- 
ning of labor, it is often impossible to know whether delivery can 
occur through the natural channel or not, without the risk of serious 
injur}^ to the child. A trial of labor is necessar}"- in cases in which 
disproportion is not great or the available evidence indicates a 
borderline contracted pelvis. Obstetricians are not of one opinion as 
to what this trial of labor should be. Whether labor should be 
allowed to continue long enough to be a real test of the ability of the 
fetal head to mold and engage in the contracted pelvis is a serious 
question. The risk associated Avith a test of labor should not be taken 
if there is reasonable doubt of pehnc delivery. A difficult second 
stage Avith forceps deliA'^ery and injury to the soft parts, or AAUth fetal 
mortality or morblditj^ is undesirable. With definite disproportion, 
trial onlj!^ should be permitted. It is suggested that this consist of 
about six hours of fairly active labor, after the regular first stage 
pains have been established. Overriding or lack of engagement may 
then be noted by abdominal palpation. Vaginal examination should 
be aA'olded, but if the membranes are still intact it maj' be done if 
necessary. When the diagonal conjugate is betAveen 9.5 and 10.5 cm., 
this trial should be sufficient. 

If the diagonal conjugate is between 10.5 and 11.5 cm., trial of 
labor may be alloAved to continue as a real test for as long as tAvo 
hours in the second stage. The endocrinologic and psychic status of 
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the patient, character of the soft parts, type of labor, size and 
consistency of the fetal head and presentation and position of the 
fetus must be given due weight. The experience of the obstetrician is 
without doubt the most important single factor in assessing the 
indications and clinical progress of either trial or test of labor. 

ANTEPARTUM HEMORRHAGE 

Placenta Previa. The first bleeding of placenta previa may be 
anything from slight spotting to sudden profuse hemorrhage quickly 
followed by symptoms of shock. Since hemorrhage will sureh’ recur, 
expectant treatment invites disaster. The patient should be sent to 
the hospital at the time of her first hemorrhage. The vagina should 
not be packed, as the pack is commonly ineffective; it introduces 
infection, and prohibits cesarean section, the treatment of choice 
for certain cases. Nor should a rectal examination be made, as it 
may precipitate serious bleeding and generally yields but little 
information. Even vaginal examination should be carefully con- 
sidered. Certainly it should not be made at home, nor in the hospital 
until a suitable donor is on hand and preparations for delivery have 
been completed. It may not be necessary if a clear history and other 
Important data indicate placenta previa, and that the patient should 
be delivered by cesarean section. 

Successful treatment depends primarily upon the condition of the 
patient and the good judgment of the obstetrician. Parity, the 
character of the cervix, the amount of placental tissue in the birth 
canal, the duration of the pregnancy and the size and viability of the 
fetus must all be considered. The condition of the cervix is more 
important than the degree of placenta previa. It must be recognized 
of course that a high fetal death rate is Inevitable since the fetus 
suffers from anoxemia or actual anemia if placental separation is 
considerable. Further, many babies are not viable or barely so, and 
the premature fetus, though viable, is a poor subject for vaginal 
manipulation of any kind. 

Abdominal deliverv elves the babv the best chance for survival 
yet it often increases maternal risk. It is contraindicated if the fetus 
is not clearly viable, or if vaginal paeking or manipulation of any 
kind has been carried out, other than a careful vaginal examination 
made in the operating room just prior to operation. When the baby 
is not viable or dead, or all but dead as indicated by the character of 
the fetal heart, other methods of treatment are indicated. 
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Cesarean section is best for all patients who have had exsangui- 
nating hemorrhage, except when it appears that simple rupture of 
the membranes will be sufficient. There is general agreement that 
cesarean section, as a rule, is the best method of delivery in cases of 
central placenta previa, and in primiparae near term when the 
cervical os is partially covered by placenta. It is our own practice to 
perform lower segment cesarean section in all cases not definitely 
known to be marginal when the cervix is long or uneffaced, the baby 
viable, and the patient is not in labor. 

Delivery bj’’ cesarean section reduces blood loss and hemorrhage 
can be more certainly controlled. If the operation is performed 
through the lower segment, the placental site may be packed and 
active bleeding from large sinuses may be stopped bj'^ suture. Infec- 
tion, in the absence of vaginal pack or manipulation, is minimized. 
Fetal mortality will be definitely reduced, if the nonviable fetus is not 
given undue value. 

Ablatio Placentae. The result of treatment depends largely' upon 
whether hemorrhage is frank or concealed, and the amount of blood 
loss. The importance of blood transfusion is obvious. In serious 
cases, Stander®- believes that cesarean section should be performed if 
the patient is not in labor, and the uterus retained or removed 
“according as it contracts satisfactorily or remains atonic; the 
same applies even if labor is already in progress, unless the 
cervix is partially dilated and an early vaginal delivery may be 
expected.” 

There is a broad indication for delivery just as in eclampsia in 
which the method of delivery is equally important; j'^et as in eclamp- 
sia, the condition of the patient is more important, and mortalitj' 
may be actually due to treatment. The fetal mortality is notable, and 
with it comes the implication that the child should be disregarded in 
selecting the type of treatment. However, this is no more true in 
ablatio than it is in placenta previa. Certainly, if the baby is alive 
and viable, and delivery can not be effected speedily from below, 
abdominal section should be performed if the patient’s condition will 
permit. 

Actually few patients need cesarean section and certainly not 
those already in severe shock, nor those threatened with the uremia 
or anuria of chronic nephritis. If cesarean section is performed, it 
should be the lower segment operation under local anesthesia. 
Uteroplacental apoplexy can not be diagnosed without opening 
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the abdomen. Though accidental hemorrhage does predispose to 
postpartum bleeding, hysterectomy' should be performed only for 
persistent hemorrhage. The Couvelaire uterus of itself is not an 
indication for hysterectomy. 

Most cases, even severe ones, properly fortified by adequate 
transfusion, will do best with conservative treatment. Irving’s"*® 
impressive experience with radical and conservative methods of 
treatment confirms this opinion. 

Pelvic Tumor. Fibroids should not be removed during preg- 
nancy. Though degeneration of a tumor may from time to time give 
rise to severe pain, often accompanied by leucocytosis, elevated 
temperature, localized tenderness and signs of peritonitis, these 
symptoms will subside under conservative therapy and neither 
myomectomy nor cesarean section are indicated. Occasionally', if the 
tumor is pedunculated, torsion may occur, and my'omectomy' will 
then become necessary. 

Tumors of the uterus may' seriously complicate labor or so ob- 
struct the pelvis that delivery' from below is impossible. In the vast 
majority' of cases, however, they' do not. Fibroids which, from their 
size and location, appear to create a real problem often rise from the 
pelvis in the latter weeks of pregnancy' or even after labor has begun. 
Decision as to cesarean section should be reserved until then, and the 
patient given a trial of labor, not a real test, for the risk increases 
rapidly'. In the majority of cases in which the tumor is found in the 
pelvis at the onset of labor, cesarean section is indicated. The large 
posterior cervical fibroid is the most dangerous, as it is least likely' 
to rise out of the pelvis during labor. Dy'stocia or subsequent 
lochiastasis commonly' result. 

Multiple fibroids, or a large solitary' tumor in the fundus of the 
uterus may' be the cause of poor labor and slow dilatation of the 
cervix. Generally within a few hours it will be possible to note 
whether descent of the presenting part is progressing or not. If labor 
is good, and descent steady, labor should be allowed to continue 
without intervention, for peh'ic delivery is safer; and operation for 
the fibroids, if indicated, is better done after involution has been 
completed. If cesarean section is elected, the question of hy'sterec- 
tomv or myomectomy' always arises, and is not too readily' answered. 
It is clear that my'omectomy', unless for a pedunculated growth, 
carries with it considerable risk arising from hemorrhage and 
proximity of the my'omectomy field to the bacteria laden cavity' of 
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the uterus. Removal of multiple fibroids should not be considered at 
this time. Hj'sterectomy is a much safer operation, and smoother 
convalescence may be expected than after simple cesarean section. 
Hysterectomy should be performed, however, only after full con- 
sideration has been given to the number and location of the tumors, 
their probable effect on uterine drainage, the risk of postpartum 
hemorrhage and subsequent sterility. 

Ovarian tumors are serious complications of pregnancj% labor and 
the puerperium. Torsion of the pedicle with rupture of the tumor due 
to twist or pressure maj’^ cause death. During pregnanc3" thej'^ should 
be removed as soon as possible after the third month. If found during 
the puerperium, laparotomj' should be performed at once. If dis- 
covered first during the course of labor, the abdomen should be 
opened for removal of the tumor, and the patient allowed to deliver 
herself, if no other cause for dj'stocia is present. If found late in labor 
interfering with descent of the presenting part, no attempt should 
be made to push the tumor out of the pelvis as it may rupture; and 
on no account should the fetus be drawn past the tumor by forceps or 
traction on the feet. The abdomen should be opened, the tumor 
removed as quickly' and as gently as possible, and deliver^' completed 
from below in the best waj' possible. 

Occasional!}', carcinoma of the cervix becomes a proper indication 
for cesarean section. Advanced disease forbids vaginal deliver}' with 
its associated laceration and hemorrhage. Cesarean section is per- 
formed purely in the interests of the baby, after ever}' effort has been 
made to carry it to viability, the time of election depending upon 
the general physical condition of the patient. Since the danger of 
spread of cer^'ical infection to the body of the uterus is a real one, 
hysterectomy with careful peritonealization of the cer\'ix should 
follow cesarean section whenever it is feasible. This procedure 
appears to be safer than total hysterectomy. 

Rarely neoplasms of the vagina or bony pelvis, or tumors not 
connected with the generative organs, as kidney, spleen, bladder or 
rectum make cesarean section necessary. 

Abnormal Presentation. Clearly the presentation and position of 
the fetus must receive thoughtful consideration in every case in 
which vaginal delivery is in doubt, yet cesarean section is not war- 
ranted for these indications alone. Nor is the expectation of long 
labor a proper indication. Slight increase in fetal risk does not justify 
the risk of cesarean section, vet this risk may be properly assumed by 
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the patient when her age makes the probability of another pregnancy 
unlikely. 

Transverse presentation in the primipara is sufficient to indicate 
pelvic contraction. Cesarean section is indicated, since pelvic delivery 
is always operative, and commonly associated with serious injury to 
the maternal soft parts and fetal morbidity and mortality as well. It 
is not an indication for cesarean section in multiparas with good 
obstetric history. Cesarean section is better than version or decapita- 
tion for an impacted shoulder, when the mother and baby are in good 
condition. The danger of fatal peritonitis is great, yet the risk 
compares favorably with other methods of treatment and cesarean 
section gives the baby its best chance for survival. Hysterectomj' is 
generallv indicated. 

Presentation of face or brow in the primipara is likewise an indica- 
tion of contracted pelvis or cephalopelvic disproportion. It is impor- 
tant to remember that the association of fetal malformations is as 
high as 10 per cent. Cesarean section is indicated for the same reasons 
as in transverse presentation. If, with intact membranes, progress is 
steady, a fair test may be advisable, depending upon the size of the 
baby and the character of the labor. If progress is not made, and this 
is most likely in posterior positions, a careful vaginal examination 
will indicate the course to be followed. If rupture of the membranes 
occurs with a posterior face presentation, an immediate attempt at 
conversion to a vertex or rotation to an anterior face should be made, 
if abdominal deliverv is not indicated. 

Breech presentation in the primipara implies considerable fetal 
mortality, yet of itself it is not an indication for cesarean section. 
Prophylactic version in the antepartum period is recommended. Unen- 
gagement of the breech before labor begins is of no importance. 
In the absence of pelvic dystocia good labor will accomplish delivery. 
With a large fetus in frank breech presentation and minor pelvic con- 
traction the patient’s age may properly be taken into consideration. 

Postoperative Dystocia. The end results of previous pelvic 
surgery may cause dystocia, but as a rule the circulator}’ changes of 
pregnancy bring about softening and relaxation of tissues sufficient 
to allow pelvic delivery. Rigidity of the soft parts is rarely so great 
that it cannot be overcome by the advance of the presenting part. 

Extensive cicatrices of the vagina following repair of vesico- 
vaginal or rectovaginal fistulas make elective cesarean advisable. 
Previous perineorrhaphv, however, or even plastic repair of a third 
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degree tear, unless the rectal repair was high, may Ijc adequately 
protected during pelvic delivery. 

Prior amputation of the cervix, or deep cauterization may result 
in scar formation so dense that rupture of the uterus may occur 
during labor. Partial amputation of the cervix as in the Manchester- 
Fothergill operation for prolapse of the uterus should not interfere 
with pelvic delivery.^® In any event, trial of labor is advised, with 
careful observation of the progress of cervical dilatation. In the 
absence of previous operative procedures there can be no true 
cervical stenosis. Histologic examination of cervices from patients in 
whom dilatation occurred slowly has shown no significant structural 
alteration. Without question uterine inertia is the cause, and cervical 
stenosis has now ceased to be a common indication for cesarean 
section. 

Fixation of the fundus of the uterus to the abdominal wall may so 
distort the birth canal, that delivery, unless by eesarean section, is 
impossible. Trial of labor is indicated, however, and should be 
prolonged in those cases in which the cervix is not displaced poste- 
riorly and when its axis is in relation to the parturient axis. 

Previous myomectomy is a competent cause for rupture of the 
uterus, yet cesarean section is not always indicated. If the operation 
had been performed for a pedunculated fibroid, or a tumor near the 
isthmus or cervix, or if the cavity of the uterus had not been widely 
opened, pelvic delivery is advised. After multiple myomectomy, as a 
rule, cesarean section should be elected. The size and number of the 
myomas excised, the depth and sites of uterine incisions, the occur- 
rence of postoperative morbidity and the care with which the uterine 
wounds have been sutured are of importance. It would be wise for the 
gynecologist who performs a myomectomy on a patient in the 
child-bearing age to record these data on the patient’s chart, with 
his opinion as to whether cesarean section is advisable in future 
pregnancies. 

Fetal Indication. A great many unnecessary cesarean sections 
are performed in the interests of the child. Intervention occurs 
particularly for uterine inertia or after a trial of labor, too long or 
perhaps too short, or when dilatation of the cervix has been slow. It is 
true that any complication of labor in which pelvic delivery gravely 
threatens the life of the child may be a valid indication for cesarean 
section, but not when the maternal risk is excessive or the baby’s 
chance for survival not good. 
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Prolapse of the cord or forelying cord is a generally accepted 
indication in the primipara with a viable baby. If the cord lies outside 
the vulva, it should not be pulled through the uterine incision, but 
cut close to the placenta and delivered from below, though this may 
not often be feasible. 

Habitual death of the fetus before labor begins is a good reason 
for cesarean section. One previous stillbirth with a history of normal 
or even difficult labor is not a valid indication. After close inquiry 
into the facts and circumstances of the previous pregnancy and 
delivery and careful antepartum examination, pelvic delivery may 
often be awaited with confidence. In any event, a trial of labor is 
indicated. A history of two or more stillbirths is suflicient reason in 
most instances for elective cesarean. 

The old primipara may be properly considered here. Occasional!}', 
labor may be surprisingly short, yet on the whole the duration of 
labor does increase with age. However, the incidence of cesarean 
section should not increase with age alone. When a trial of labor 
shows that labor will be protracted and the patient may lose the only 
baby she may ever have, cesarean section is indicated. 

Excessive size of the child, particularly when associated with 
prolonged postmaturity may cause serious dystocia. If, after trial of 
labor, the head is not engaged, cesarean section is warranted. 

Previous Cesarean Section. The nature of the reparative proc- 
esses in the uterine wound is of considerable importance in the 
decision to elect another section. Kerd'^ states that Couvelalre, 
Gamble and McIntyre have sho\\'n that the wound heals by fibrous 
tissue replacement of muscle fibers. Schwartz, Paddock and Bort- 
nick'*^’’ found that healing takes place chiefly by proliferation of 
fibroblasts in the spaces between the muscle bundles. Stander®" 
believes that the uterus, like all other organs made up of nonstriated 
muscle heals by regeneration of muscle fibers, not by scar tissue, and 
that in the absence of infection, and with proper suturing the risk of 
rupture is minimal. 

Kerr’’ contends that no matter how carefully the upper segment 
has been sutured the risk of rupture is always present for these 
reasons: (i) The wound is very apt to become infected; (2) the 
involuting muscle fibers are degenerating; (3) the wound area is in a 
state of unrest especially for the first twenty-four hours, with sutures 
loosening and gaping a little; (4) the sutures necessarily function for 
both coaptation and hemostasis, yet the muscle fibers are irregularly 
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distributed and exact approximation is difficult, so that blood pools 
here and there, to be replaced b}*^ fibrous tissue later; (5) since the 
placenta occurs on the anterior wail in 40 per cent of the cases, it is 
difficult to make wound edges meet exactly, because the undermost 
part is friable due to the presence of large sinuses; this favors gutter 
formation with weakness of the scar and hernia of the membranes 
into it in late pregnancy; and (6) if in later pregnancy the placenta 
forms over this scar, destructive action of the trophoblast on fibrous 
tissue favors rupture. 

In a certain percentage of cases rupture will occur during preg- 
nancy or labor. Symptoms are often slight, and the patient may not 
die from hemorrhage or sepsis, but the child is usually lost. It is very 
likely that rupture occurs in the upper segment more often than in 
the lower. Holland,’*'* in the first collective study of ruptured scars, 
found 4 per cent of ruptures after the classical operation. Wetter- 
wald,®® in 1926, in 3,600 lower segment operations, and Gelle,^^ in 
1932, again collecting all available cases reported approximately the 
same percentage of rupture, 0.25 per cent. 

Irving"*® reporting their experience at the Boston Lying-In Hospi- 
tal, states that from 1929 to 1938, fifty-five women who had had 
previous cesarean sections were delivered pelvically seventy-three 
times, one patient five times. If the operation had been performed in 
their hospital for a temporary indication they “are disposed to allow 
labor under careful supervision; otherwise cesarean section is re- 
peated.” Lazard,®® however — and we know of similar cases — saw a 
patient who had three difficult pelvic deliveries after she had been 
sectioned in her second pregnancy for an overlarge fetus, die in her 
sixth pregnancy before she could be operated upon for complete 
rupture of the old cesarean scar. “Once a cesarean always a cesarean” 
if rigidly followed as a dictum results in a steadily increasing number 
of cesarean sections, with increased risk in secondary operations. 

In 1938, Fraser and Sparling**® in their series found 2 1.9 per cent were 
for previous cesarean section; in 1927, the percentage was but 12, 
whereas in 1936 it had risen to 34. Daily,** in 1939, analyzing 1,000 
consecutive cesarean sections at the Chicago Lying-in found that 
27.9 per cent had been sectioned before. Matthews and Acken®* in a 
critical survey of 1,066 cesarean sections found a greater incidence of 
sepsis and poorer results in repeated operations, with all the mortal- 
ity in the classical group. 

[13] 
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For the most part obstetricians are of the opinion that a carefully 
supervised trial labor is reasonably safe if the indication for the 
previous cesarean section is not present and the postpartum course 
had been normal. This is particularly true of the lower segment 
operation. If labor has begun and satisfactory progress is being made, 
careful observation and pelvic delivery aided by forceps is the treat- 
ment of choice. Some disagree completely with this point of view, 
and others seek a compromise. Plass,'® for instance, thinks that if the 
first operation was performed while the patient was still a prima- 
gravida, and not in labor, it is unwise to risk vaginal delivery; but if 
the operation had been performed on a parous woman for some 
complication, pelvic delivery would be more reasonable and fre- 
quently conducted safely. 

It should not be forgotten that rupture of the uterus is a very real 
danger, not to be discounted. Afebrile convalescence is no guarantee 
of a scar that will not rupture. No recent statistics on this important 
subject have been published, yet there is increasing evidence that the 
dictum, “once a cesarean, always a cesarean,” must be modified. 

The following factors must be weighed in arriving at a decision: 

1. The Type oj Previous Section. It is certain that the scar fol- 
lowing the classical operation is more likely to yield than that follow- 
ing the lower segment operation. A vertical incision in the lower 
segment is likely to give rise to a weaker scar than the transverse 
incision because of the almost constant inclusion of part of the 
corpus uteri in its upper end. When rupture does occur after the 
lower segment operation with vertical incision, it can generally be 
demonstrated that the upper end of the scar yielded first. 

2. The Presence oJ Previous Postoperative Morbidity. If infection 
of the uterine incision has occurred in a previous section, firm healing 
of the scar is interfered with and a weaker scar results. Even though a 
febrile puerperium cannot be shown to be due to uterine infection, 
the existence of a weak scar should be assumed. 

3. The Occurrence of Previous Infravaginal Delivery. If all previ- 
ous deliveries, one or more, have been by cesarean section, so that no 
previous preparation of the lower birth passages has ever occurred, 
the strain on the uterine scar during the second stage of labor is 
likely to be increased. 

It Avould appear that there is little reason for cesarean section 
under the following circumstances : A multipara who has had at least 
one spontaneous delivery of a normal sized living child without 
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protracted labor, who has also had a previous lower segment cesarean 
section with transverse incision without postoperative morbidity and 
in whom the indication for the previous section is not present. 

It is not safe, however, under any circumstances to risk infra- 
vaginal delivery after previous cesarean section unless the patient is 
carefully observed for signs of uterine rupture during her entire labor 
in an institution at which facilities for immediate cesarean section 
and blood transfusion are available. 

MEDICAL COMPLICATION'S 

Cardiac Disease. Women with cardiac disease are not good risks 
for parturition, yet it does not follow that cesarean section is indi- 
cated. In fact, unless there is definite evidence of major damage to 
the heart, cesarean section should not be performed for cardiac 
disease alone. Patients with heart disease, except those who are 
clearly bad risks, do well in labor, if the first stage is conducted under 
morphine analgesia, and delivery by forceps effected promptly in the 
second stage under local anesthesia. If dystocia develops earl}^ in 
labor, cesarean section should be more seriously considered. Dispro- 
portion and poor labor are of course important factors in judgment. 

In general, when it appears that cardiac reserve is so low that the 
patient might not survive a comparativelj^ easy labor, cesarean sec- 
tion should be elected as near term as possible. Local anesthesia is 
best, and open drop ether next in safety. Other anesthetics are more 
dangerous. 

Operation should be performed only after the patient has been 
made a reasonably safe risk. It is certain that the actual load of 
pregnane^' on the circulation does not increase progressively with the 
months of gestation. Failure is commonest, it is true, in the last 
trimester, yet clinical improvement may be confidently expected in 
the last few weeks before term. It is of the utmost importance that 
this optimum time be awaited. Hamilton^® has shown this very 
clearly, and our experience over a five-year period with a large num- 
ber of well supervised cardiac patients is the same. 

Hamilton points out, too, that infant mortality is very high if 
delivery occurs before the last two or three weeks. After eliminating 
the very bad risks in all his cases of pregnancy with evidence of 
serious heart damage, he found that five patients in his first 750 died 
of puerperal sepsis, one in 600 deliveries from below, and four in 1 50 
delivered by abdominal hysterectomy. Whether women with cardiac 
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disease have increased susceptibility to. infection after cesarean 
section is not certain, yet this added risk must be given due 
weight. 

Tuberculosis. Consideration of cesarean section as a method of 
delivering tuberculous women depends largely upon the presence of 
exudative or pneumonic tissue reactions. The extent of involvement 
of the lungs is of less importance. With proper treatment the produc- 
tive fibroid lesion may even improve during pregnancy, and parturi- 
tion may present no major problem in the absence of long labor, 
hemorrhage or infection. On the other hand the labile pulmonary 
lesion,' however small, is a serious complication of pregnancy, and 
women with active lesions should spend their entire antepartum 
period in the hospital under the care of the internist and obstetrician. 

Since it appears that a comparative!}' short labor carries with it 
less risk than cesarean section, the method of delivery should not be 
definitely selected in any case until term, or after trial of labor. 
Disproportion, early rupture of the membranes, and dystocia due 
to soft part interference or abnormal presentation assume increased 
importance. In women with healed lesions, or those in whom tuber- 
culosis has been inactive for some time, cesarean section need not be 
considered. Shortening of the second stage of labor by forceps 
delivery under local anesthesia is usually advisable. Prolonged rest 
with artificial pneumothorax and other forms of modern tuberculosis 
therapy postpartum are important, whether cesarean section has 
been performed or not. 

Diabetes Mellilus. It is clear that certain diabetics had best be 
delivered by cesarean section. Selection of such cases is often so 
difficult that only when maternal or fetal death has occurred after 
pelvic delivery does it become obvious that cesarean section should 
have been elected. Indications for cesarean section may be maternal 
or fetal, or both. The fetal indication is at present not only the most 
usual, but is held by some to be the only one.*^® 

Matenial Indicatioii. With the introduction of insulin the 
incidence of pregnancy in diabetic women has materially increased, 
and the problem of the proper care of the juvenile diabetic is more 
often encountered. These patients run the greatest risk in parturi- 
tion. The diabetic who is permitted to go into labor must be obsen.'ed 
carefully, preferably by an internist, and particularly when labor is 
prolonged. Early exhaustion of glycogen reserve may produce 
hypoglycemia; and starvation, vomiting and anesthesia may produce 
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ketosis. Proper insulin dosage during labor is difficult to determine 
and hourly estimation of the blood sugar may be necessary in severe 
cases. Two important co-efficients must be considered before electing 
cesarean section in the interest of the mother; 

1 . The Diabetic Factor. The juvenile or severe diabetic is most 
difficult to treat safely during labor, since she may die of diabetes 
even though the obstetrician be assisted by the most expert internist. 
The nonjuvenile or nonsevere diabetic may generally be allowed to 
deliver infravaginally under local anesthesia. 

2. The Obstetric Factor. Expectation of prolonged or difficult 
labor should aid in the election of cesarean section. Thus the primi- 
para with juvenile diabetes and late engagement of the head at term, 
is best managed by cesarean section, while pelvic delivery is indi- 
cated in a multipara with nonjuvenile diabetes, and no other ob- 
stetric complication. 

The Fetal Indication. Fetal mortality in diabetics, estimated 
recently as high as 40 per cent, is due principally to intrauterine 
death during the last few weeks of pregnancy.’® Joslin®“ has shown 
that stillbirths occur three to six times as frequently in the diabetic 
as in the nondiabetic. Overgrowth of the fetus often precedes death. 
White and Hunt™ are able to predict premature delivery, stillbirths 
and neonatal deaths by an abnormal rise of the chorionic gonado- 
tropin after the twentieth week to a level of 200 rat units, and claim 
that these accidents can be prevented by administration of huge 
amounts of estrogen and progesterone, too large at the present time 
to be available to the general profession. 

Cesarean section two to four weeks before term is advised by 
some authorities in an effort to ensure safe delivery of a viable fetus. 
Determination of the proper time may be supported by the use of the 
x-ray. Suprapubic delivery is indicated when the fetus is abnormally 
large or further opportunity for pregnancy is unlikely. If laboratory 
facilities are available for demonstrating abnormal hormonal behav- 
ior, prediction of intrauterine death should aid in the election of 
cesarean section. Since infants of mothers with diabetes mellitus 
show a high mortality rate, especial care must be given the baby 
after delivery or the purpose of the operation will be defeated.®” 

In any case both maternal and fetal indications must be con- 
sidered jointly. It would appear that cesarean section is indicated in 
' the primipara with severe diabetes since childhood, when prolonged 
labor is likely. 
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Other lndicatio7is. Cases of pelvic exostoses, bony tumors, 
healed fractures of the pelvic bones, ankylosis of the hip, spondylyo- 
listhesis, osteomalacia and kyphosis are not of themselves indications 
for cesarean section. The}'’ necessitate expert pelvic roentgenography 
before a decision can be made. Previous spontaneous labor may have 
occurred, yet section may be indicated in a subsequent pregnancy. 

Uterus bicornis or didelphys is generally not a cause for dystocia 
though the nonpregnant horn or uterus may block the birth canal 
and necessitate suprapubic delivery. Cesarean section may also be 
indicated in cases in which postpartum lochiastasis with subsequent 
puerperal sepsis is anticipated. When section is done for this indica- 
tion, either the pregnant or nonpregnant horn or uterus should be 
excised. The latter procedure is recommended. 

Hypopituitarism with the dystrophia dystocia syndrome of 
DeLee may be a proper indication for abdominal delivery when asso- 
ciated with severe uterine inertia or primiparity late in life. 

Postmortem cesarean section, according to Stander^'- is not 
recommended, since it is usually unsuccessful in saving the life of the 
baby and because of the “abhorrence in which it is more or less justly 
held by the laity.” However, others are of the opinion that the 
physician is morally obligated to try to save the life of the child after 
the death of the mother. Twins have been saved this way.^* DeLee’® 
approves of this procedure and says “It is not even necessary to 
obtain the consent of the husband or the family, though for his own 
protection, the accoucheur should get it if possible.” 

CONTRAINDICATIONS 

In the absence of a definite indication, abdominal delivery should 
not be considered. Cesarean section is a major operation with 
unparalleled risk of excessive hemorrhage, postoperative shock and 
peritonitis. It is so dangerous that those who are not competent to 
weigh the relative merits and disadvantages of pelvic and abdominal 
delivery in a given case, no matter how capable they may be as 
operators, should not feel called upon to perform the operation. To 
attempt the operation in poor surroundings and without adequate 
assistance is to court disaster. 

Cesarean section is generally contraindicated when the fetus is 
known to be dead, unless no other method of deliverv is feasible or as 
safe. When cesarean section is done for fetal indication, the risk 
should not be taken if the chances of survival of the babv are not 
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thought to be good. Nor is cesarean section justifiable for the sake of 
the baby, when maternal death would appear to be a probable result 
of this procedure. 

Actual infection is a contraindication. Ideally, there should be no 
suspicion of infection, no long labor or exhaustion, no attempt at 
induction of labor or delivery and no concurrent febrile disease. The 
fundamental prerequisites for the success of any laparotomy have 
increased importance in abdominal delivery. Cesarean section may 
be elected because of greater danger from the alternative treatment, 
yet the outcome becomes more and more doubtful when any of these 
contraindications arc disregarded. 

In the presence of exsanguination, exhaustion and acidosis, 
cesarean section is contraindicated until the patient is properly 
prepared for operation. 

Every vaginal examination increases the risk. Pathogenic organ- 
isms may be present without febrile reaction. Patients who have been 
subjected to repeated vaginal examination, even when made under 
carefully controlled conditions, are very poor risks. 

Rupture of the membranes for more than a few hours invites 
infection of the amniotic sac and the uterine cavity. Invasion of the 
placental bed by virulent organisms may be responsible for death of 
the baby a few days later. 

Induction by catheter or bag, no matter how expert the operator 
or how scrupulous his technic, prohibits cesarean section. Attempts 
at forceps delivery or version are even worse. 

Acute and chronic nephritis contraindicate cesarean section, yet 
at times compromises must be made. 

The operation should not be performed for the purpose of inter- 
rupting pregnancy during the last trimester, or to accomplish 
sterilization. And, as a matter of fact, the risk should never be taken 
simply to sterilize a patient who is capable of vaginal deliver}’. 

In eclampsia, cesarean section is definitely contraindicated. In 
Brooklyn®- from 1921 to 1926, the mortality of cesarean section for 
eclampsia was 26 per cent in 104 cases, and in New Orleans™ for the 
same period 41.5 per cent in forty-one cases. In 1940, King®® compar- 
ing two cesarean section surveys carried on in New Orleans showed a 
reduction in the maternal death rate from 16.1 in the first period 
(1921 to 1926) to 5.9 per cent in the second (1926-1936). This 
notable reduction was largely due to the partial elimination of 
eclampsia as an indication for cesarean section. There are no modern 
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statistics which justify the performance of cesarean section after the 
onset of convulsions. 

If cesarean section should be performed for pre-eclampsia, great 
care and good judgment will be necessary in the selection of cases, 
else the mortality will be high. The patient must not be in labor. 
In fulminating cases the operation may precipitate the convulsive 
seizures that we wished to avert. When all other methods of treat- 
ment have failed to bring about improvement in the patient’s condi- 
tion, or when she grows worse in spite of treatment, there is an 
occasional indication for cesarean section in the primigravida with an 
intact cervix near term and not in labor. On no account should the 
operation be performed under general anesthesia. Local anesthesia 
should be chosen. 


PREPARATION FOR OPERATION 

Preoperative care for cesarean section includes the usual prepara- 
tion for laparotomy as well as operative deliver3^ In elective section 
it is well to have the patient admitted to the hospital a few days prior 
to operation. General physical examination is necessary" and careful 
observation for respiratory infection is important. She should have 
previously been warned against the dangers of douches and coitus 
during the last month of pregnanc3\ 

Roentgenography is an additional safeguard in the occasional 
case in which gross malformation such as anencephaliis, hydro- 
cephalus or spina bifida are unsuspected. If the operation is to be 
performed chiefly in the interests of the baby, these malformations 
are of great importance. Occasionally, twins or prematurity may 
be diagnosed in this way when clinical data are uncertain, and 
plans for cesarean section as well as the time of operation may be 
influenced. 

On the day before operation the abdominal and pubic areas 
should be shaved, the skin washed thoroughly with soap and water 
and sterile dressings loosely applied to the abdomen. In the operat- 
ing room, a wide operative field from breasts to thighs, paying 
special attention to the entire mons veneris may be sponged with 
ether, and lightly painted with one of the newer antiseptics. In elec- 
tive section an enema should be given on the day before operation, 
but no cathartic; no other enema is necessary or advisable. 

Immediate preoperative medication may include only atropin 
gr- Hoo- Morphine is not without danger for the baby. Pituitrin, 
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ergonovine, and morphine for hypodermic use should be quickly 
available during the operation. 

Precaution should be taken to ensure an empty bladder at the 
time of operation. The catheter should be left in place, and open if 
desired. If care is not taken, the partially filled bladder may make 
exposure of the lower segment difficult; or it may be inadvertantly 
incised when the abdomen is opened. Bladder injuries during the 
lower segment operation occasionally occur and are largely due to 
neglect of this precaution. 

Final auscultation of the fetal heart should be performed in the 
operating room, since fetal death will usually make cesarean section 
unnecessary. If the heart sounds had previously been easily heard, 
their absence is good evidence of fetal death. 

The operating room itself is of great importance. If a series of 
operations are to be performed in the same room, cesarean section 
should be scheduled first. Section should never be performed in a 
room just previously contaminated bj^ another operative procedure. 
Proper masks covering nose and mouth of everyone in the operating 
room including the anesthetist are of vital importance. Those with 
respiratory or skin infections should not be permitted to enter the 
room, unless they have been shonm by bacteriological cultures to be 
innocuous. 

The obstetrician will need three assistants and two nurses at the 
operation. It is the sole function of one assistant, who has been 
trained in management of birth apnea, to take care of the baby. 
Resuscitation apparatus, oxygen and warm blankets should be 
available. A special table should have on it a tracheal catheter, cord 
tie, sterile dressings, i per cent silver nitrate, clamps and scissors. 
The second assistant will manage retractors and the second nurse 
will circulate. 

Preoperative vaginal instillation of antiseptics like 3 or 4 per cent 
mercurochrome or i per cent neutral acriflavine in glycerine have 
been advocated. Brown,® in a series of 144 cesarean sections demon- 
strated that antiseptic vaginal instillations definitely lowered the 
incidence of morbidity and mortality. Since our own figures for 
febrile morbidity and mortality have been very low without their use, 
we do not believe that this procedure is necessary. 

Trendelenburg position is very helpful in keeping Intestines out of 
the operative field and making the lower segment more accessible. 
When infection is suspected, however, the head of the operating 
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table should be lowered no more than is actually necessar}- for this 
purpose, or it will become more diflicult to prevent infected amniotic 
fluid from reaching the upper portion of the abdomen. 

If cesarean section is to be performed soon after admission to the 
hospital for an urgent indication, great care should be taken to 
discover whether the stomach is empty or not. If the patient has had 
a meal shortly before, a stomach tube should be quickly passed and 
the stomach emptied. This is important, whether general or local 
anesthesia is planned, and it is absolutely essential if a general 
anesthetic is to be administered. Death from vomiting and aspiration 
of stomach contents during general anesthesia is not uncommon. 

BLOOD TRANSFUSION 

Because of the ever present danger of hemorrhage during the 
course of cesarean section or immediately afterward, full preparation 
for blood transfusion should be made prior to operation. After tj'ping 
and crossmatching, a suitable donor should remain in the hospital 
until the operation is completed and the patient safely back in her 
bed. If a blood bank is available, similar preparations regarding the 
accessibility of compatible blood should be made. In any case, 
institutions where cesarean sections are performed should at least 
have blood plasma or serum available since these are now easily 
procured and may be kept safely for long periods of time. 

Adequate replacement of blood loss during cesarean section and 
the treatment of shock are of great importance. Analysis of deaths 
following cesarean section show that hemorrhage and shock contrib- 
ute heavily to the mortality; and, in sepsis, the most common cause 
of death, the anemia resulting from hemorrhage is often a strong 
predisposing factor. 

As a result of recent work on the functional and structural 
changes following hemorrhage and shock, we can now more fully 
appreciate the great importance of speedy and adequate replace- 
ment of blood loss.®^ It has been shown that the use of intravenous 
crystalloid solutions such as dextrose and saline dextrose have only a 
temporary therapeutic effect. In shock they increase blood volume 
for a short time only, quickly difl'using through abnormally perme- 
able capillaries.®® 

When hemorrhage is serious there is no question but that trans- 
fusion of whole blood is best. However, delay in securing com- 
patible blood may be sufficient to allow for irreversible changes in 
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the capillary bed so that when finally given it may be too late to 
save the patient. When a blood donor is used, a delay of two to 
Four hours is not unusual. The many benefits that a large hospital 
may derive from a blood bank arc already well known but even 
there the interval of time elapsing between the call for blood and the 
transfusion averages about forty minutes. 

The answer to the problem lies in the use of blood plasma or 
serum. Collection and administration of blood plasma are simple, 
requiring no complicated apparatus. Blood may be drawn into a 
vacuum flask containing anticoagulant such as sodium citrate, and 
allowed to stand in the refrigerator until the plasma has separated. 
The supernatant plasma is then aspirated into another vacuum flask 
containing a quantity of saline equal to the volume of plasma intro- 
duced. The addition of the saline solution tends to keep the plasma 
in solution.^' 

No typing or crossmatching of the plasma is necessary” ''’-*'”’®" 
and there are reports in the literature which indicate the absence of 
harmful reactions.®’’® There is evidence to indicate that it is best to 
pool plasma for adsorption of agglutinins.’’® 

There is no reason why even the smallest hospital should not have 
blood plasma immediately available for use in the operating room. 
Should an institution be unable for some reason to collect its own 
blood plasma, it can be secured commercially at reasonable cost in 
fluid or powder form. The intravenous use of blood plasma is ideal 
in the treatment of shock not accompanied by severe hemorrhage, 
since in these cases it is depletion of plasma that must be combated. 
Actually, hemoconcentration may contraindicate the use of blood. 
In the case of severe hemorrhage, plasma should be given during the 
usual delay that accompanies preparation for transfusion of blood. 

ANESTHESIA 

Many methods of anesthesia have been used. When surgical 
risk is normal, general anesthesia is satisfactory in that it ensures 
adequate relaxation and dispels the patient’s fear of operation. 
However, a general anesthetic of any type is a dangerous and pro- 
foundly toxic drug and great care must be taken in its administra- 
tion. Further, it may not be given to women with upper respiratory 
complications, cardiac disease, tuberculosis or toxemia; and the 
margin of safety is small when hemorrhage has been considerable 
or the patient has been long in labor. All inhalation anesthetics pass 
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through the placenta to the fetus and may make resuscitation 
difl'icult. 

Ether causes a notable increase in relaxation of the uterus, just 
before and for a few hours after removal of the placenta, and atonic 
hemorrhage is common. In our experience it causes more bleeding 
than any other type of anesthetic. Firm uterine contraction is 
delayed, placental separation unduly prolonged and blood loss may 
prove fatal. 

Nitrous oxide produces analgesia by a steadily increasing anoxia. 
Since anesthesia is possible only when concentration approaches 
100 per cent,’ the danger to the fetus is obvious. When used in the 
induction of anesthesia and preceding the administration of ether, 
the obstetrician must be vigilant lest it be used with less than 25 per 
cent oxygen, for stillbirth, or neonatal death a few hours or a few 
davs after deliverv mav be the direct result of its administration. 

Ethylene is better than ether if local anesthesia has failed or can 
not be used for what appears to be good reason. Cyclopropane would 
seem to have few contraindications in obstetrics because of its ease 
of induction with an adequate oxygen supply and low toxicity. 
Relaxation is better than with ethylene and approaches that of 
ether. Since anesthesia is produced in concentrations even lower than 
10 per cent, it is clearly very potent, and may produce untoward 
effects on mother or baby even though alveolar oxygen is adequate. 
Our present knowledge of its action on the circulatory system is so 
inadequate that its use in cesarean section for cardiac disease is 
highly debatable. Furthermore, anesthetic mixtures with cyclo- 
propane are explosive. 

Obstetricians with but few exceptions agree that spinal anesthesia 
in cesarean section is dangerous and carries the greatest risk of 
mortality from anesthesia. Yet it can not be denied that it has very 
definite advantages. Anesthesia is so deep and abdominal wall relax- 
ation so profound that the operative proeedure is simplified. 

Cosgrove, Hall and Gleeson” have reported 244 cesarean sections 
performed under spinal anesthesia with no mortality attributable 
to the anesthetic, and believe that this series is large enough to 
refute statements that this method of anesthesia is dangerous in 
cesarean section. Arteriosclerosis, they say, is the only contraindica- 
tion. The uterus contracts promptly, manual removal of the placenta 
is rarely necessary and delayed hemorrhage is uncommon; it is 
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probable, too, that its use is not harmful to the baby, all decided 
advantages. 

However, it is generally agreed that the mortality directly due to 
its use is highest in pregnant women. It is likely that women at or 
near term arc particularly vulnerable. DcLce,*' a consistent objector 
to its use, states that since its dangers arc so well known, no spinal 
anesthetic should be used in obstetrics. He believes that during 
labor the changes in blood pressure arc marked, and that changes in 
intraspinal pressure arc rapid and profound; sudden emptying of 
the uterus changes pressures and currents, and the resultant drop in 
blood pressure may be simultaneous with the fall due to the anes- 
thetic. This is particularly dangerous if there is hemorrhage. 

Marshall®' in his excellent monograph on lower segment cesarean 
section quotes Franken-^ as collecting case reports of 2,000 cesareans 
performed by twenty operators, with fourteen deaths attributable to 
the spinal anesthetic alone. In Franken’s own clinic 1,000 gyneco- 
logical operations were performed safely under spinal anesthesia, 
yet the first patient with a cesarean section died. Marshall says that 
his own experience leaves him no doubt that spinal anesthesia is 
particularly dangerous in cesarean section, and that “Any obste- 
trician who sets out to perform a large series of cesarean sections 
under spinal anesthesia must be prepared to face a possible mortality 
of not less than one per cent due to this cause alone.” 

According to CoTui*- it is the consensus of opinion that the 
action of the drug is more inconsistent than might be expected, and 
that the anesthetic level is unpredictable. He is sure that the 
physiological problem is not simple and can barely be outlined. 
Gravitational current, curvature of the spine, pulsations of intra- 
dural contents, fixation, destruction and absorption of the drug all 
need to be further studied. 

Babcock^ says that “The dangers of spinal anesthesia lie more 
in the user than in the drug. . . . Especially to be feared is the 
novice who does not know how to watch for and meet emergencies. 

. . . For spinal anesthesia to be safe, the anesthetist must constantly 
watch the patient during the anesthesia in order instantly to 
detect and combat conditions that presage arrest of respiration or 
circulation.” 

Since the great majority of authorities agree that spinal anes- 
thesia is an exceedingly dangerous anesthetic for the obstetric 
patient, it is inadvisable for the occasional obstetric operator to 
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employ this method of anesthesia routinely. The attitude and 
experience of the general surgeon with the use of spinal anesthesia 
are of no value because the obstetric problem of abdominal delivery 
is in no way comparable to ordinary surgical problems. Secondary 
respiratory failure based on primary circulatory failure is the cause 
for death, and apparently pregnaney predisposes to this danger. 

It is our opinion that rectal or intravenous anesthesia have no 
place in cesarean section. 

Local anesthesia is the anesthetic of choice for cesarean section 
because it is safest for mother and baby. In DeLee’s^“ clinic more 
than 1,500 cesareans have been performed under local anesthesia, 
with no death due to the anesthetic. There are no contraindications 
to local anesthesia but there are limitations. An extremely appre- 
hensive or restless patient might better be operated upon under a 
general anesthetic; and in the presence of peritoneal adhesions, or 
when unusually extensive procedures requiring complete relaxation 
are planned, as in extraperitoncal section, a general anesthetic had 
best be used. 

The only real argument against local anesthesia is whether or 
not one can obtain adequate anesthesia with this method. The fault 
is generally not with the anesthetic or procedure but with the oper- 
ator. Its technic demands proper administration of the drug, patience 
in awaiting its full efi'ect and the utmost gentleness in the handling 
of tissue. There need be no haste in the usual case. 

The advantages of local anesthesia are; (i) Uterine atony, 
delayed placental separation and undue hemorrhage are rarely 
encountered. (2) There is little risk of narcosis of the baby from 
anesthesia. If morphine is not administered until one is ready to 
incise the uterus and extract the fetus, there is no risk at all. (3) 
The postoperative course of the patient will be considerable- 
smoother. Vomiting, which may tear out peritoneal sutures is 
seldom seen. Pulmonary complications are rare. Abdominal dis- 
tention and discomfort are minimal. (4) It is safe in constitutional 
diseases that contraindicate general anesthesia, as toxemia, cardiac 
disease and tuberculosis, and may be given with safetj’^ to patients 
with upper respiratory infections. 

Technic of Local Anesthesia. A sterile solution of 300 cc. of 
0.5 per cent novocain to which i cc. of a i-iooo solution of adrenalin 
chloride may be added, is prepared. A hypodermic syringe with a 
fine needle for the initial wheal, two eontinuous flow svringes with 
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finger and thumb rings and t\YO long flexible needles are the onl}'^ 
special instruments required. A heavy pad for the operating table 
is a distinct advantage. The anesthetist should take her usual place 



Fig. I. Local infiltration for cesarean 
section. Two syringes may be used 
simultaneously by the surgeon 
and his first assistant. The basin 
of novocaine solution and the tub- 
ing allow for continuous infiltra- 
tion. With one sj-ringe the solution 
of novocaine is injected superi- 
orly; with the other, inferiorly. 
Note the arrows indicating the 
fanning-out of the infiltration 
at the lower third of the mid- 
abdomen. 


Fig. 2. Local infiltration for cesarean sec- 
tion. The syringes inject the solution 
of novocaine beneath the anterior 
sheath of the rectus fascia at the points 
marked bj^ crosses, half way between 
the midline and the lateral edges of the 
wound. Note the fanning out of the in- 
filtration at the lower one-third of the 
wound. 



and may give the patient small sips of water or small pieces of 
cracked ice during the operation, and engage her in conversation. 

The patient’s eyes should be lightly covered, because of the 
glare of the operating room lights, but her ears should not be plugged 
as some advise, as the operator in whom she has confidence maj' 
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wish to reassure her from time to time. She should be informed when 
the operation has begun. 

After a small wheal is raised with a fine hypodermic needle, 
novocain is injected in large amounts ahead of the advancing long 
needles, keeping close to the skin, raising a continuous wheal and 
infiltrating the tissues from the umbilicus to the symphysis in the 
midline. (Fig. i.) Simultaneous injection from either side of the table 
by two operators saves time. Fanwise infiltration of the lower end of 
the incision in all its depth is of great importance, else necessary" 
retraction will be impossible. Incision may be made with a sharp 
scalpel onh* when the operator is convinced that the procedure will 
be painless. When hemostasis has been carried out, the rectus sheath 
is filled with a large amount of novocain solution by piercing the 
aponeurosis at several points on either side of the linea alba. (Fig. 2.) 
As a rule the posterior rectus sheath and peritoneum will be anes- 
thetized this way. This is better than infiltrating the aponeurosis and 
peritoneum separately, as the peritoneal infiltration with this method 
may make it difficult to see or palpate the bladder edge. Fanning out 
the lower area of infiltration into the aponeurosis is essential. The 
peritoneum is then opened and the vesico-uterine fold of peritoneum 
found. Retraction necessary for lower segment cesarean section will 
be readily possible. Sudden pulling on the retractors is improper 
since it will almost always cause the patient to have pain, and per- 
haps lose confidence in the effectiveness of the anesthesia. All move- 
ments with the retractors should be slow and deliberate. The visceral 
peritoneum need not be injected, nor is it necessary to flood it with 
novocain solution. The uterus may be opened and the baby extracted 
without pain if the incision is long enough. If difficulty is encountered 
in lower segment operation, brief inhalation of ethylene or nitrous 
oxide and oxygen will be necessary. Morphine gr. may be given 
shortly before delivery- of the babj*. Uterine suture and closure of the 
abdominal incision may be generally carried out without further 
local anesthesia if the operating time has not been excessive. 

I^'CIDE^TAL SURGERY 

The addition of other operative procedures to the cesarean opera- 
tion definitely tends to increase morbidity and mortality. Eisaman 
and Cook-- analyzing 1,322 cases of cesarean section with fortj* 
deaths were astonished to find that 60 per cent of the women who 
died had additional operative procedures, while in only eight or 33 
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per cent of them infection was clue to labor. Cesarean section is 
surgerj’ enough. 

Removal of the appendix is indefensible. The residual amniotic 
fluid and blood are excellent culture media for an\' bacteria liberated 
and contaminating the peritoneum. Further, the changing relations 
and unrest of the cecum during the postpartum period disturbs 
normal healing of the appendiceal stump. A fatal peritonitis 
may easil}’ result from an incidental appendectomy under these 
conditions. 

Sterilization alone is never a valid reason for cesarean section. 
Lazard,*® who has reported fatalities directly due to tubal steriliza- 
tion, is convinced that hysterectomy is a safer method of sterilization. 
Pelvic delivery and sterilization at a later date are much safer proce- 
dures. To sterilize a woman simply because she or her husband 
requests it, and are willing to assume the risk makes a robot of the 
obstetrician. Since sterilization is not without risk and cannot be 
undone, it should always be carefully considered. Though it is com- 
mon practice to offer sterilization at the time of the third cesarean 
section, we see no good reason for it. Shaw^® has reported seven 
cesarean sections on the same patient, and MeSweeney®® recently 
reported a case of cesarean section for the ninth time. 

Myomectomy is accompanied bj' hemorrhage and the danger of 
infection and intestinal obstruction. Even breaking up adhesions 
adds to the risk of operation. When peritoneal bands are encountered 
during the course of a repeated cesarean, every effort should be made 
to avoid their extensive separation. 

TYPES OF CESAREAN SECTION 

It is clear that the obstetrician must, in every case, weigh ver}' 
carefully the advantages and disadvantages, the dangers and diffi- 
culties of the various tj'pes of cesarean section which have been 
devised to minimize the risk of operation in the presence of infection. 
All types have a place, yet, no matter which operation is selected, the 
risk largely depends upon the same factors: (i) duration of labor, 
(2) time of rupture of the membranes, (3) extent of vaginal inter- 
ference, (4) incidence of actual infection, (5) skill of the operator, and 
(6) the preparation and facilities for combating complications such 
as shock and hemorrhage. Even though bacteria may not be present 
in the uterus at the time of operation, in twenty-four hours or less 
they are always present in close proximity to an incision which com- 
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municates with the peritoneal cavity. Infection of the uterus is a 
fairly consistent finding. Harris and Brown®’ found no sterile cultures 
at the time of operation when labor had lasted six hours or more. 

Reynolds®^ was first to call attention to the dangers of long labor, 
and Routh®'* later pointed out the significance of interference as well. 
Holland'*® and later Gordon®* following their plan of anah-sis closely, 
showed conclusively that mortality depends upon the same factors. 
The following table shows this clearly. 



Cases 

Mortality 
Per Cent 

Reynolds (1907) 


1 

Before labor 

82 

I . 2 

After a test of labor 

158 

4.0 

Late in labor 

49 

12.0 

Routh (191 0 


Clean cases 



A. Not in labor 

24^ 

3.6 

B. In labor, membranes intact 

224 

2 . 2 

Total 

469 

2.9 

Suspicious cases 

C. In labor, membranes ruptured 

166 

10.8 

D. Frequent examinations or attempts at deliverv' 

64 

34-3 

Total ... ... 

230 

17-3 

i 

Holland (1921) 

Contracted pelvis 



A. Not in labor 

! 1 202 

1.6 

B. Earlv in labor, within six hours 

I 389 

1.8 

C. Late in labor 

220 

10.0 

D. After attempts at induction 

35 

14.0 

E. After attempts at deliverv 

107 

25 -7 

Gordon (1928) 



A. Not in labor 


^ 

B. Earlv in labor 

1 10 i 

6.4 

C. Late in labor 

403 i 


D. After attempts .at induction 

0.0 

E. After attempts at deliverv 

14 

13.6 


The classical operation is still performed b}' many who maintain 
that primary results are no different in either segment, or that no 
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positive advantages have been shown for the low operation, at least 
in elective cases. Others select classical section because it is some- 
what less difficult and time consuming, or because they believe there 
is no good reason for the lower segment operation if the patient is to 
be sterilized. Its advocates contend that the very thickness of the 
uterine muscle makes approximation easier, protecting the peritoneal 
cavity from seepage through the wound, and that there is actually 
but little danger of rupture of the scar when the operation has been 
properly done in noninfected cases. They argue that there is no more 
reason for exposure of the bowel than in the low operation, in which 
extraction is made difficult by an incision naturally shortened by fear 
of injury to the bladder or the venous reservoir in the broad ligament. 
Bonney," on the other hand, has said that the chief technical draw- 
back to the classical operation is the fetal trauma associated with the 
species of version incident to delivery of the breech; and that the 
fetus usually delivered head first is the principal advantage of the low 
operation, though forceps’ application may not be easy and hemor- 
rhage may be free. It is said, too, that in the classical operation, the 
placenta is less often disturbed until after extraction of the fetus, and 
that there is much less danger of hemorrhage when performed for 
placenta previa. Holmes'*^ believes that the actual location of the 
incision makes no difference at all, the operator being the important 
factor. 

Classical cesarean section with high incision has been relegated to 
the past. The low classical operation has a limited application and 
should not be performed at all on women in labor, since the lower 
segment operation is safer and generally applicable. 

Classical Cesarean Section. The abdomen is opened in the mid- 
line by an incision extending from about i to 2 cm. above the 
symphysis pubis almost to the umbilicus. Hemostasis should be 
effective and skin protection careful. Anj' undue degree of dextro- 
version or torsion should be noted. The position of the round liga- 
ments will help, and the assistant should correct abnormal positions 
by either pressure on the right side of the abdomen in the case of 
dextroversion or by grasping the fundus of the uterus and turning it 
in the case of dextrotorsion. Failure to recognize these abnormal 
positions may result in a misplaced incision and undue hemorrhage. 
The abdominal wound should be surrounded by laparotomy pads 
and the retractors placed. The bladder reflection at the lower angle 
of the wound should be visible. 
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Traction sutures of chromic catgut may be placed at the upper 
and lower ends of the region to be incised. An ampoule of pituitrin 
can be given at this time as prophylaxis against hemorrhage. The 
length of the uterine incision should be sufficient to permit easy 
extraction of the baby, which should never be dragged through a 
small incision. Ordinarily about ro to 15 cm. will suflice. The incision 
should lie in the contractile portion of the uterus with its lower end a 
little above the bladder reflection, and occasionally including part of 
the lower uterine segment. The incision, best begun with a scalpel 
by cutting the uterine muscle down to, but not into the bag of waters, 
may then be extended superiorly and inferiorly with a bandage 
scissors. The use of two fingers in extending the incision may preserve 
the membranes which are now ruptured. While the amniotic fluid is 
aspirated, the hand of the operator is introduced into the fundal 
region of the uterus and one or both feet of the baby are grasped. In 
e.xtracting the babv, care should be taken to follow the usual technic 
for breech e.xtraction with especial care of the aftercoming head. 
Intracranial hemorrhage may occur from the trauma of suprapubic 
breech extraction just as in pelvic delivery. 

Occasionally, the placenta may be encountered under the uterine 
incision and although this may be suspected when the round liga- 
ments converge toward the pubis or there is a violaceous appearance 
of the uterine wall, often there is no evidence of its presence. In any 
case the same technic should be employed with as much speed as is 
consistent with safety since the hemorrhage is likely to be profuse. 
If the placenta is reached by the extended uterine incision, the hand 
may be insinuated between it and the uterus to grasp the feet of the 
baby, but usually the operator must cut speedily and boldly through 
it. 

When the child has been extracted, the umbilical cord is cut 
between clamps and the baby handed to the assistant, who waits 
beside the surgeon with his extended arms covered by several layers 
of a folded sterile sheet. If local anesthesia has been used, the patient 
may be given morphine gr. Li this time, or shortly before. 

While awaiting separation of the placenta, interrupted No. 2 
chromic catgut sutures are placed in the myometrium starting at 
both angles of the uterine wound. These sutures should reaeh to but 
not penetrate the decidua, and are to be left untied until the placenta 
has been extracted. Traction on the sutures will aid in hemostasis 
and in placing others. When the placenta has separated, it may be 
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extracted by gentle steady traction on the cord. If hemorrhage is 
profuse or separation tardy, the placenta should be extracted without 
awaiting separation. The sutures already placed are now tied and 
others inserted to complete the first row. This row should include 
about the lower two-thirds of the uterine muscle. A second more 
superficial row of interrupted chromic catgut sutures is now placed 
with the sutures spaced between those of the low row. These two 
rows of sutures are generally sufficient for approximating the cut 
myometrium without gaping. The sutures should be about i cm. 
apart, and although tied sufficiently firmly for hemostasis and 
accurate coaptation of the edges, they should not be tied too tightly 
else necrosis with separation of the wound or a weak scar will result. 
The uterine peritoneum is now closed with a continuous inverting 
locked stitch, using plain catgut. After gently sponging the pelvic 
cavity of blood and fluid, it is desirable to bring the omentum down 
to cover the uterine incision in the hope of preventing later intestinal 
adhesions. 

The abdomen is closed in layers. We prefer to use silk, but what- 
ever the type of suture material, careful attention should be directed 
to closing the peritoneum; and here the posterior layer of the rectus 
fascia should be included in the suture, since serious separations of 
wounds usually begin in a small opening in the peritoneum. 

Lower Segment Cesarean Section. Advocates of the lower seg- 
ment operation contend that immediate results are better, and 
troublesome postoperative complications rarel}'^ follow because 
peritoneal soiling is confined to the pelvis. Thej' are sure that there 
is less bleeding since that area is less vascular, and that the incision 
can be completely and readily covered with peritoneum. If adhesions 
occur, they involve only the bladder, not the mesentery or intestines, 
and hence do not give rise to intestinal obstruction. Remote results 
are better in that menorrhagia and sterility occur much less fre- 
quently than after classical cesarean section; and rupture of the 
scar is much less common and not so likely to be fatal so that future 
\'aginal delivery may be allowed with greater safety. 

Marshall’s®^ statistics are remarkable. He has reported 246 lower 
segment operations without a maternal death; in seventy cases in 
which infection was present or suspected, labor had been surgically 
induced in fifteen, forceps delivery had been attempted in five and 
in ten more a variety of other manipulations had been carried 
out. 
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It is clear that the relative merits of the upper and lower segment 
operations must depend upon the accumulation of a large number of 
statistics in which all the factors of success or failure are carefully 
weighed. This is not easy, however, for it is not uncommon for 
hopelessly infected patients to survive either type of operation, or 
for women not in labor to die of severe infection. In many series 
classical section carries the burden of risk incident to constitutional 
disease. On the other hand, the lower segment is reserved by many 
for infected cases, or at least for those in labor with membranes 
ruptured, and so may be accompanied by a higher mortality due to 
preoperative infection or the indication rather than to the operation. 
As DeLee'^^ has pointed out, it would seem clear that if the low 
operation is selected because of its greater safety in infected or 
doubtful cases, it should for the same reason be safer in clean cases. 
No cesarean section is safe if a virulent organism is present or intro- 
duced at the time of operation. 

Matthews and Acken*'^ reviewing i ,066 cesarean sections, show a 
mortality of 3.9 per cent for classical and 1.9 per cent for the low 
flap operation. In a careful analysis of this large number of gross 
figures, they found that the high classical operation “failed in the 
prevention of sepsis,” while there was no fatality from sepsis in the 
low operation group. There was no mortality in the secondary* low 
flap operation, while the secondary classical sections showed the 
same rate as the primary; all of the deaths in the repeated cesarean 
groups followed the high classical operation, five of their eleven 
deaths being due to Intestinal obstruction. After rupture of the 
membranes the classical mortality rate far exceeded that from the 
low flap technic, and “the results of the repeat cesarean section 
furnished considerable evidence for the superiority of the low flap 
technique.” In fact the deaths in lower segment cesarean section 
were attributed more to the operator than to the operation itself. 

This evidence from a fairly large group of obstetricians in a 
hospital devoted entirely to obstetrics is important. The lower seg- 
ment operation has grown so steadily in popularity, that many have 
come to have undue confidence in it, forgetting that the risk in any 
type of cesarean operation depends upon the same factors. Safety 
decreases markedly after labor of ten hours with membranes rup- 
tured for six hours. 

Operative Field. Reynolds®- has shown that the isthmus uteri 
does not participate in the general uterine hypertrophy of pregnancy, 
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since its elastic and fibrous tissue do not undergo hypertrophy. 
Stretching and dilatation occur. Frankl-' has shown that it is this 
area which stretches in late pregnancy and labor to form the lower 
uterine segment. With the upper limit at the lower level of firm 
peritoneal attachment to the corpus, and its lower the supravaginal 
cervix at the level of the internal os, the lower segment stretches 
and lengthens as labor progresses, until the entire cervix is taken up 
with full dilatation. Its peritoneal covering and the venous reservoirs 
laterallj' stretch with it, so that late in labor the vesico-uterine fold 
is difficult to pick up with forceps, and the uterine veins are found 
stretched, less tortuous and distended. 

At term, before labor has begun, the operative area is in the 
pelvis, its depth depending upon the extent of engagement of the 
vertex; while, if the head is high or overriding, it is found partly or 
wholly in the abdomen and readily accessible. The lower uterine 
segment at term in any case is of sufficient dimensions to allow a 
crescentic transverse incision to lie wholly within it. There is more 
difficulty in placing the vertical incision entirely within the lower 
segment though this is aided by increase in the length of the lower 
segment as labor continues, or by overriding, the very conditions 
one is likely to meet in cases of cephalopelvic disproportion after a 
trial of labor. 

Uterine Incision. Incision in the lower segment ma}' be vertical 
or a modification of the transverse type. It is highly desirable that 
its entire length be in the stretched noncontractile lower segment, 
and not extend into the corpus. Marshall®^* states that the transverse 
incision will fall in the lower segment when the patient is not in 
labor and until the cervix is half dilated, between the cervix and 
lower segment or actually in the cer\dx when dilatation is complete 
or nearly so, and in the cervix itself if the operation is performed 
late for obstructed labor, or when a high retraction ring is present. 
The vertical incision he believes, may be kept in the lower segment 
when the patient is in labor and the cerrdx at least half dilated; in 
obstructed labor it will die in the lower segment and cervix, but in 
a considerable proportion of all other cases the corpus will be included 
in the incised area. (Figs. 3 and 4.) Our experience coincides with 
this. 

DeLee^' and Beck,'’ who are prominently identified with the 
development of the lower segment operation in this country, prefer 
the vertical incision. Irving has obser\'ed rupture of the scar in four 
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cases in which the transverse operation had been performed else- 
where. DeLee insists that proximity of the ends of the transverse 
cut to large vessels invites hemorrhage, thrombosis and embolism. 






Fig. 3. Relations of bladder, uterus and peritoneum. Up- 
per: Common arrangement before onset of labor. Mid- 
dle: Arrangements commonly met late in labor. Lower: 

Arrangements rarely seen. (From Marshall, C. McI. 

Cesarean Section. P. 44. Baltimore, 1939. The Williams 
and Wilkins Co.) 

He believes, too, that the median scar is stronger, because it is not 
under strain during healing, and so less likely to rupture in sub- 
sequent pregnancy; if suppuration should occur, it is more readily 
controlled. 

The transverse incision grows steadil}'^ in popularity because it 
may be kept wholly within the lower segment or even the cervix, 
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Fir,. 4. Measurements from an actual patient operated 
upon in lalior, witli the cer\’i\ aiwut tliree-quarters tii- 
iated. A, the relationships of the bladder to lower uterine 
segment and cervix arc shown. The junction of the 
corpus and lower sepment was accepted as rxxurrinp 
at the les'el where the peritoneum obtained firm union 
with the uterus. The cross-hatched area represents the 
repion between lower segment and cen’ix. n, bladder 
mobilized and retracted and the uterus incised, c, after 
delivery of the child but before the delivery of the 
placenta. The upper flap of the lower segment appar- 
ently of considerable length, n, after birth of placenta 
and corpus strongly contracted. Incision only 0.75 inch 
below lower border of corpus, therefore, in this case 
the incision fell in lower segment and no! in cervix. (From 
Marshall, C. McI. Cesarean Section. P. 54. Baltimore, 
1939. The Williams and Wilkins Co.) 
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ihc sli;j;hl upward curve allowing sullicicnt room for extraction of 
the fetus without danger of extension into the venous reservoir. 
Perilonealization m;iy be carried o\it witi\ case and with less dissec- 
tion (>f the two peritoneal flaps. The vertical incision is often less 
satisfactorily covered with peritoneum as the upper flap is more 
closely attached in the midlijte and so may be buttonholed, and it 
may be diflicult though necessary to draw the lower flap unduly 
high on the uterus. Kerr and Hendry-'’ proposed the transverse 
incision, but PhaneuP* aj)pnrently was the first to stress the impor- 
tance of placing it well behind the bladder. 

According to recent anatomic research it ajjpears that the trans- 
verse nnxlerately curved incision is more likely to heal well than the 
vertical incision. M.arshalP’ has well summari 7 .ed the work of 
Goerttler’" who has sinnvn that the essential structure of the wall 
(T the uterus is two intersecting systems of muscle fibers, each the 
mirror image of the other; the fasicuh of each side arise beneath 
the peritoneum and run downward and inward to intersect with the 
opposite side, and end in the endometrium. In the corpus this inter- 
section is at a right angle, in the isthmicocervical segment the angle is 
obtuse, while in the cervix itself the arrangement is almost circular. 
Since it appears that the sutured transverse wound should heal under 
optimum conditions, we prefer the transverse incision. 

Tccbiuc of the Lou'cr Segment Operatum. The abdomen is pre- 
j5ared and opened as in the classical ojjcration. Trendelenburg posi- 
tion is helpful, but inadvisable if infection is suspected. Selecting a 
point in the vcsico-utcrine fold, usually about 2 cm. above the 
bladder reflexion, the peritoneum is picked up with forceps and cut 
with Mayo scissors, if'ig. 5.) .After mobili/.ing the peritoneum 
laterally in each direction by a procedure in which the opened 
scissors is introduced repeatedly and then opened, the uterine 
peritoneum is cut in a crescentic fashion with the concavity upward. 
Underlying tissue, generally highly vascular, should be avoided. 
An ujjjjcr peritoneal flap is raised by blunt scissors dissection. The 
lower fla]) must be fully separated well down into the pelvis so as to 
place the uterine incision as low as possible in the lower segment or 
cervix. (Fig. 6.) Occasionally, a well defined band of connective 
tissue attaching the bladder mcdiallv to the uterus must be cut. 
These flaps should be retracted as widely as possible, and a well 
rounded retractor used to hold the lower flap and bladder against 
the symphysis pubis. 
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Fig. 5. The lower segment operation. 1, the bladder is seen inferiorly. The forceps 
picks up the loose peritoneum covering the Ion er uterine segment at about 2 cm. 
above the bladder reflection. 2, the peritoneum covering the loner segment of 
the uterus has been cut transversely by a curved incision, with the concavity 
directed superiorly. The forceps lifts the edge of the lower flap, which, with the 
bladder, is dissected from the uterus. 3, the upper flap of peritoneum is dissected 
from the uterus with the Mayo scissors. 4, the two flaps are retracted to show 
the lower uterine segment and the position of the uterine incision. The heavy 
curved transverse line represents the position of the trans^'erse incision recom- 
mended. The lighter vertical line represents the position and extent of the 
vertical incision preferred by some operators. 5, the fetus has been e.xtracted 
and the uterine incision closed. The upper peritoneal flap has been sutured to 
the uterus by four interrupted catgut sutures as indicated. The position of the 
uterine incision is shown by the curved dotted line. 6, the lower bladder peri- 
toneal flap has been brought over the lower segment and sutured superiorly. 
Note the bladder covering the uterine Incision. 

£39i 




GORDON, ROSENTHAL— CESAREAN SECTION 


567 


A small incision in the uterus is lengthened laterally with bandage 
scissors, and the fetus extracted. Pituitrin or ergonovine is best given 
when this has been done. The placenta is delivered by pressure on 



Fig. 6. The suture shows final position of uterine ^^ound 
after closure and restitution of uterovesical peritoneuiu 
and bladder, when care has not been taken to make the 
trans%'erse uterine incision sufficiently low. (From 
Marshall, C. McI. Cesarean Section. P. 102. Balti- 
more, 1937. The Williams and Wilkins Co.) 


the fundus through the abdominal wall and steady traction on the 
cord. Great care should be exercised to see that the membranes are 
completely removed. 

The uterine wound is then closed in two layers, using No. i 
chromicised catgut interrupted sutures about i cm. apart for the 
myometrium, and the same material as a running suture for coapta- 
tion of the segmental fascia. The end sutures should be left long to 
be used as tractors, as the uterine wound tends to sink into the 
pelvis with closure. The upper edge is often much thicker than the 
lower, yet careful approximation is not difficult if sutures are placed 
properly. The lower the incision, the less this becomes necessary. 
No harm comes of inclusion of decidua in the first layer of sutures. 
Hot laparotomy pad pressure assists final hemostasis. The upper 
peritoneal flap is then fastened below the incision by a few fine plain 
gut sutures, and the bladder flap drawn up and sewed down in a 
similar fashion. The incision is now covered by two layers of peri- 
toneum, or if low enough, by a layer of peritoneum and the base of 
the bladder. The operation which has been simplified by raising the 
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lower flap alone does not provide the protection of double peritoneal- 
ization. The abdomen is then closed. Some advise drainage. 

Extraction of the fetus and placenta often present special prob- 
lems. When the occiput is posterior it may be rotated anteriorly by 
placing a finger in the baby’s mouth, and then extracting with 
forceps, or by using one blade as a vectis. Forceps should be ready, 
for even in anterior positions simpler methods may fail. Rarel}’ fixa- 
tion of the presenting part in the pelvis may make it necessary for an 
assistant to dislodge the head bj' inserting a finger in the rectum, or 
even by vaginal manipulation. We have never had to do this, how- 
ever. When a large part of the fetal head lies below the level of the 
incision it is better to lift it by pressure applied through the uterine 
wall than by the hand in the uterus. 

Manual removal of the placenta should not be practised unless 
hemorrhage arises from partial separation, or separation is too long 
delayed. Kerr^- removes the placenta, in cases advanced in labor, by 
dropping the cord clamp into the vagina, and having an assistant 
draw it out, and states that it will almost certainly come away easily 
if sterile water or salt solution is injected into its vessels. He believes 
that every device should be used to avoid abdominal removal of the 
placenta with peritoneal contact of infected tags of membrane from 
the lower segment or vagina. Disinfection of the uterine wound or 
the entire lower segment has been suggested. 

Peritoneal Exclusion Cesarean Section. Cesarean section ma}" be 
performed either in the corpus or lower segment of the uterus after 
approximation of the parietal to the visceral peritoneum, thus form- 
ing a space outside the general peritoneal cavity through which 
delivery may be effected. The operation is performed by some in 
cases that need cesarean section when long labor, repeated examina- 
tions or attempts at delivery have resulted in potential or actual 
intrauterine infection. It is intended to protect the general peritoneal 
cavity against contamination from the spill of infected uterine con- 
tents at the time of operation and from leakage subsequently. 

The operation resembles in its indication the lower segment oper- 
ation with extraperitoneal closure and the true extraperitoneal opera- 
tion. It will protect the infected case against peritonitis better than 
the former but not as well as the latter operation. The exclusion 
operation has not gained nor apparently merited the popularity' of 
the lower segment operation. The simplest form of the exclusion 
operation with the uterine incision low in the corpus, should find its 
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greatest application in instances in which the operator is unable to do 
a more technically difficult operation. The technic of the operation 
follows : 

Veit-Fromnxe-Hirst.^^ The abdomen is opened through a midline 
incision beginning just above the pubis and extending to a few 
centimeters of the umbilicus. The visceral peritoneum covering the 
lower uterine segment is incised to the bladder and both are sepa- 
rated. The edges of the parietal and visceral layers of peritoneum are 
united by interrupted sutures of fine catgut. The uterus is then 
incised longitudinally in the lower segment and the child and 
placenta delivered. The uterus is closed in the usual fashion. Continu- 
ous fine chromic catgut may be used to remforce the union of the two 
layers of peritoneum. Drainage is included when indicated. This 
operation may be better if performed in the lower segment through a 
transverse incision. 

Irivig's Modification. Irving^' noted that the thin layers of 
parietal and uterine peritoneum often tore during the e.xtraction of 
the fetus, so that the operation ceased to be e.\traperitoneal. He 
proposed a modification that is the simplest of the exclusion opera- 
tions. The abdominal incision is the same as for the classical cesarean 
except that it is somewhat higher, its upper angle e.xtending about an 
inch above the umbilicus. No walling off pads are used. The con- 
joined layer of peritoneum and fascia is sewed first at the upper and 
lower angles of the wound to the anterior surface of the uterus with 
interrupted mattress sutures of No. i chromic catgut. Each stitch 
penetrates the conjoined layer of fascia and peritoneum, takes a bite 
in the uterine peritoneum and muscularis, and emerges again through 
the conjoined layer. Similar stitches are inserted on each side, parallel 
to the edge of the wound and about a quarter of an inch outside it, 
until there is a firm union between the uterus and the abdominal wall 
and an oval area on the anterior surface is excluded from the peri- 
toneal cavity. The uterus is incised verticall}^ in this space, and the 
fetus, placenta and membranes removed. If there is any considerable 
bleeding, a gauze pack is inserted, to be removed twelve hours later 
through the vagina. The uterus is sutured in the classical manner. A 
cigarette drain to the uterus is placed in the lower angle of the 
wound, and the conjoined peritoneal and fascial layers are united in 
the midline by interrupted catgut sutures. 

This operation may result in high fixation of the uterus with 
resultant sterilitv, and later operation mav become necessar}’. Since 
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a transverse incision in the lower segment is preferable, E. F. Smith®* 
proposes such a technic through a Pfannenstiel incision. Fixation of 
the lower segment to the abdominal wall will not follow this opera- 
tion, which is recommended for women with potential infection. 

Extraperiloneal Cesarean Section. Structural changes in the 
lower abdomen and pelvis during pregnancy and especially labor 
make it possible to expose a sufficient area of the lower uterine seg- 
ment to perform cesarean section extraperitoneally. During preg- 
nancy the bladder rises higher with increase in the length of the lower 
uterine segment and loosening of the endopelvic fascia. The anterior 
cul-de-sac is often obliterated. (Fig. 3.) 

It may be necessary to perform cesarean section when probable 
or actual intrauterine infection is present. A true extraperitoneal 
operation should decrease the risk of postoperative peritonitis and at 
the same time conserve the uterus. There can be little question of the 
advantages of a technic that would enable the obstetric surgeon to 
perform a true extraperitoneal operation when it is indicated. The 
modern operation developed bj' Latzko®' has been recently modified 
by Waters.®® The Latzko procedure is based on lateral displacement 
of the bladder and peritoneal reflextion, and the Waters on direct 
supravesical approach. Descriptions of the technic follow: 

Latzko Operation. The bladder is catheterized and distended by 
the instillation of 200 cc. of boric acid solution. The catheter is left in 
situ, but clamped and attached in such a way that the bladder may 
be emptied or refilled when necessary. High Trendelenburg position 
is employed. A midline abdominal incision extends from the symphy- 
sis pubis to the superior limit of the distended bladder. Care should 
be taken with incision of the fascia that the bladder and peritoneum 
are not included. Separation of the bladder should begin on the left 
side since the common dextroversion and dextrotorsion of the uterus 
make this part of the bladder more readily accessible. 

The upper left portion of the bladder is freed and separated from 
the anterior uterine wall and the left rectus muscle retracted. Further 
separation of the bladder is done carefully while the bladder is 
retracted to the right. The loose connective tissue of the endopelvic 
fascia holding the bladder to the fascia covering the lower uterine 
segment is separated. Similar dissection of the tissue which attaches 
the vesico-uterine peritoneal fold to the fascia of the lower uterine 
segment is made, thus enabling this fold to be displaced superiorly. 
Emptying of the bladder and retraction to the right will expose a 
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Fig. 7. The extraperitonea I cesarean section (Waters), i, a sagittal section of 
the abdomen showing the relationships of the fascia and folds of the peri- 
toneum. 2, the T-shaped incision in the fascia covering the bladder is 
indicated. 3, the finger is separating the perivesical fascia from the under- 
lying muscle of the bladder. 4, the relationship of the uterus, bladder and 
lower edge of the plica of peritoneum are represented. The figure shows a 
few fine filaments of connective tissue between bladder and fascia. 5, 6, and 
7, further steps in the separation with final exposure of the lower uterine 
segment. 8, the position of the lower uterine incision. 
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broad area of the lower uterine segment sufficient for extraction 
of the fetus. 

When it appears that this fold may be torn either in its dissection 
or during extraction of the fetus, Aldrich^ incises it deliberately on 
the left side, and resutures its edges before the uterine cavity is 
opened. 

The lower uterine segment is opened by an incision that extends 
from the symphysis pubis to the peritoneal reflextion, and the child is 
delivered by forceps application and extraction. Pituitrin is given, 
and after delivery of the placenta the uterine incision is closed by 
interrupted chromic catgut sutures. A second layer of sutures 
reinforces the closure. The bladder is again distended so that possi)3le 
injury may be detected and then emptied. The peritoneal fold is now 
replaced with a few fine catgut sutures, and the abdomen closed with 
a pelvic drain in the lower angle of the wound. 

Wafers Operafion. The abdomen is opened by a left paramedian 
incision extending from the pubis to 2 cm. below the umbilicus. The 
bladder is distended with 200 cc. or more of sterile solution, prefer- 
ably colored with a little methylene blue. The transversalis fascia 
and perivesical fascia are incised down to the bladder muscularis for 
about 2 to 3 cm. at about two-thirds of the distance to the bladder 
fundus. The vesical vessels are seen lying upon it. A blunt instrument 
is inserted between the muscularis and perivesical fascia, the fascia 
freed, and then incised transversely over the top and left of the 
bladder in a “T” fashion. (Fig. 7.) It is important to reach the plane 
between bladder and perivesical fascia. It can be recognized not only 
by the blood vessels at this level, but also by the bulge or herniation 
of the bladder that occurs when the fascia has been incised to its 
full depth. 

The parietal peritoneum above the bladder is carried up with the 
fascia, and the bladder separation is begun. The bladder is now 
draum doumward, the vesico-uterine plica found and the bladder 
emptied. The plica may be seen on the left side of the bladder 
superiorly. The areolar tissue in this area is easily separated by 
holding the bladder down and separating by blunt dissection. When 
the plica is seen the finger may be Insinuated beneath it, and dissec- 
tion from this point more readily carried out. When the finger is in 
position the following relationships may be noted. Below the finger 
is the perivesical fascia at the back of the bladder, behind is the peri- 
uterine segmental fascia and the uterus, and on the finger is the plica 
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which represents the lowest level of the peritoneal fold of the utero- 
vesical pouch or anterior cul-de-sac. It resembles a hernial sac and 
its integrity must be maintained if the operation is to be trul}"^ extra- 
peritoneal. The vesico-uterine plica with its underlying fascia must 
be freed. from the posterior surface of the bladder so that the bladder 
can be completely retracted. The perivesical fascia must again be cut 
to accomplish this but this time at the junction of uterus and bladder. 
In separating the plica great care must be exercised to include the 
underlying fascia as well, else perforation of the peritoneum is likely 
to occur. The success of the Waters operation depends upon treating 
the peritoneum and its underlying fascia as a single structure that 
can be separated easily. Attempts to free the peritoneum alone will 
almost alwavs result in tearing. When the bladder has been well 
retracted the lower uterine segment is exposed and ma}’ be incised in 
the transverse crescentic manner described under the lower segment 
operation. Delivery of the child and closure of the uterine incision 
are carried out as described previousl3% The bladder should be refilled 
to discover the results of any undue trauma and the retrovesical 
space drained with rubber tissue. 

Cesarean Hysterectomy. Cesarean section followed by supra- 
vaginal or total hysterectomy is sometimes called radical cesarean 
or Porro operation. When Porro'* removed the uterus, however, he 
effected hemostasis with Cintrat’s serre-noued, a wire snare which 
tightly encircled the uterus at the level of the Internal os. The wire 
loop was tightly drawn, tightened again on the third postoperative 
dav and removed on the fifth. Since it has been so often stated that 
Porro used an elastic ligature for this purpose, an actual photograph 
of the instrument he used in his classic procedure is reproduced. 
(Fig. 8.) The modern cesarean hysterectomy is not a Porro operation. 

Cesarean hysterectomy finds its greatest application in cases of 
severe uterine infection, when suprapubic delivery is necessary. 
Extraperitoneal cesarean section will not afford the same measure of 
protection. Hysterectomy after cesarean section may also be indi- 
cated for uterine myomas, separation of the placenta, placenta 
accreta, rupture of the uterus, cancer of the cervix and uncon- 
trollable postpartum hemorrhage. 

Technic. The abdomen is opened in the midline from the pubis 
almost to the umbilicus. If infection is present, laparotoni}’^ pads 
should be carefully placed so as to reduce peritoneal soiling to a 
minimum. The uterus is then incised, as in the classical operation, 
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fetus and placenta extracted, and the uterine incision rapidly closed 
by three or four deep hemostatic sutures. The broad ligaments are 
then divided between clamps close to the uterus taking care to 




Fig. 8. Wire snare used by Edordo Porro in his first cesarean 
hysterectomy, Maj 21, 1876. The left tube and ovary were 
included in the loop. Note the obJique incision in the uterus. 


include the tubes and round and ovarian ligaments. An anterior 
peritoneal flap is raised by incising the vesico-uterine fold. The 
uterine vessels are secured by Ochsner clamps pointing inward and 
downward to the cervix at about the level of the internal os. The 
cervix is now cut through transversely. Ligation of ovarian vessels 
should be carried out without opening the broad ligament which maj" 
bleed freely. Ligation of uterine vessels is made safe by traction on 
the cervix and suturing them to it. The cervix is now covered, with- 
out .entering the canal, by approximating its fascial covering with 
chromic sutures. There will be no difficulty finding ample peritoneum 
to cover it smoothly. The broad ligament is now closed, tacking the 
round ligaments to the cervix. The abdomen is closed without 
drainage. 

Various modifications of this technic may be found desirable. 
The unopened uterus may be eventrated, the abdominal wall 
partially closed behind it, the peritoneal cavity protected by large 
pads and hysterectomy performed. If the fetus is alive, this must be 
accomplished quickly or it will perish. Hysterectomy may be total, 
or subtotal, particularly in the case of rupture of the uterus involving 
the cervix, and in this event, the vaginal vault should be carefully 
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closed, using interrupted chromic sutures. If removal of the uterus 
should become necessary for hemorrhage in the course of the trans- 
A'erse lower segment operation, hysterectomy is best performed by 
continuing the incision circularly around the lower segment. 

Cesarean Section ivitb Exteriorization of the Uterus. The treat- 
ment of frankly infected cases has long been a serious problem. In 
1908, Selheim^^ sutured the open uterus to the abdominal incision, 
thus forming a utero-abdominal fistula for drainage until the uterus 
was later freed and replaced in the pelvis. In 1924, Fortes"^ first 
performed exteriorization of the uterus, though this procedure had 
previoush' been proposed b\' Gottschalk.^^ The intent was to 
remove the uterus and adnexa from the abdominal cavity until 
the danger of peritonitis had passed. 

Fortes Operatiori. The operation is rarel}' performed, but may 
have a definite place in operative obstetrics. It is indicated in the 
grossly infected case in which abdominal delivery must be done after 
repeated attempts at vaginal deliver^' have failed. It resembles 
cesarean section followed by hysterectomy in its indication, but 
has the advantage in that it is less time consuming and traumatic 
to the patient, and is the better procedure when the patient is a 
poor surgical risk because of shock. It has also the advantage of 
conservation of the uterus, and cases in which subsequent preg- 
nancies have been carried to term have been recorded.'® In the 
event infection of the uterus is so extensive that sepsis seems uncon- 
trollable, hysterectomy may be performed extra-abdominally when 
the patient has recovered from shock. 

Technic. The operation is performed in two stages: 

First stage: The abdomen is opened by a long incision beginning 
a little above the pubis and extending well up into the upper abdo- 
men. The uterus is delivered and covered by moist laparotomy pads 
or towels. The abdominal wall is closed behind the uterus down to 
the cervix. Before the uterine corpus is incised, the area about the 
cervix should be carefulh' filled with dry laparotomy pads to prevent 
spill of the usually grossly infected uterine contents into the general 
peritoneal cavity. After ex-traction of the fetus and placenta the 
uterus is sutured in two layers as in the classical section, and then 
covered by moist dressings. The uterine incision may burst open, or 
it may become necessaix* to remove the sutures. 

Second stage: After about five or six weeks, when involution is 
largely completed and the uterus clean and its scar well healed, the 
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abdominal incision is partially reopened, the uterus freed from its 
adhesions and dropped back into the pelvis. Drainage is indicated. 

POSTOPERATIVE CARE 

Application of the dressing after completion of the operation 
should receive careful attention. Whatever the method, the wound 
must be protected against the possible strain of coughing or vomit- 
ing. The adhesive straps should reach sufficiently posteriorl}’^ so that 
moderate traction can be used in placing them. The superior strap 
should be gently applied as to allow for postoperative distention, 
and should not reach above the level of the umbilicus, so that a 
relaxed fundus may be massaged if necessary. A good plan is to 
place the first straps obliquely, the lower ends extending below the 
iliac crests to the posterolateral regions of the upper thighs and the 
upper ends to the lower ribs posteriorly on the opposite sides. The 
transverse straps may then be placed. Before any adhesive tape is 
applied it is advisable to cover the dressings with waxed paper so as 
to allow for simple mesial cutting of the tape and ready exposure 
of the wound when it is necessary to remove the skin clips or sutures 
on the seventh day. If perforations are placed in the edges of the cut 
adhesive tape dressing it Tna.y then be laced together, thus making 
it unnecessary to remove the dressing only to apply another, a pro- 
cedure which often irritates the skin and causes distress. 

For the first eight hours after the patient has been returned to 
bed she should lie flat and then be placed in moderate Fowler posi- 
tion, If there is any tendency to bleeding, ergonovine should be given 
every four hours for the first day. This medication is used routine!}" 
by some. Pain should be relieved b}" morphine, one-sixth to one- 
quarter of a grain every four hours for the first day, and by codeine 
in one grain doses later. Phenobarbital will be just as useful in some 
cases. 

It is generally necessar}", even when local anesthesia has been 
used, to administer fluids parenterally during the first day. Two 
thousand cc. of normal saline may be given subcutaneously and 
one thousand cc. of a dextrose solution intravenously. The total 
volume of fluids for the first day need not exceed three thousand cc. 
Liquid nourishment may be given on the second day, a soft diet on 
the third and then a gradual increase to a general diet. The bowels 
should be opened on the fourth day by an enema followed by daily 
use of mineral oil, or a gentle laxative or enema when necessary. 
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The care of the bladder is important, since minor bladder dis- 
turbances are common. As noted under preoperative care, if the 
bladder is empty during the operative procedure it is less likel}’- to be 
traumatized and exhibit postoperative atony. In an}' case there is no 
need for an indwelling catheter postoperatively. If the patient is 
unable to void spontaneous!}', she should be catheterized under 
strict aseptic precautions every six or eight hours to avoid an over- 
distended bladder. When she has begun to void, the residual urine 
should be estimated, and when less than one ounce catheterizations 
may be stopped. 

The patient may be allowed out of bed on the eleventh or twelfth 
day, and to go home on the thirteenth or fourteenth postoperative 
day. Before discharge, the adhesive tape dressing may be entirely 
removed and the wound inspected. Following removal of the skin 
clips or sutures on the seventh day, small transverse adhesive straps 
may be placed directly across the middle three-fourths of the wound 
to prevent separation of the skin edges with the later production 
of a thick scar. A light dressing may be applied or none at all if 
the wound is clean and the patient has a good abdominal support 
of some sort. 

Cardiac patients should be kept in bed at least two weeks, and 
examined by a cardiologist before they are allowed out of bed. 
Then, if warranted, they may remain up for short periods each day, 
taking on their usual duties slowly for a few months. Nursing, except 
in mild cases, should not be permitted. 

The necessary instructions for the care of the patient at home 
should be given at this time. The care of the breasts is the same as 
for any puerperal patient. Finally, adequate postpartum examina- 
tions should be made at later dates to determine the ultimate healing 
of the wound and the involution of the pelvic organs. 

COMPLICATIONS .^ND SEQUELAE 

Hemorrhage during the course of the operation should be man- 
aged by kneading or massaging the uterus, pushing or pulling it 
higher into the abdominal cavity and making certain that no 
placental fragment or piece of membrane has been left adherent to 
its wall. Pituitrin may be injected into the uterus, or intramuscularly 
into the deltoid, but not into a vein. Pastore and Stander”- have 
reported a high incidence of protein reaction, with one death, 
following intravenous use of pituitrin. Ergonovine is safe and more 
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reliable. The uterine cavity may be packed temporaril}”^ until the 
uterus contracts firmly. In placenta previa it may exceptionally be 
advisable to ligate a vessel in the placental bed, or a twelve-hour 
uterine pack maj' be occasionally necessar3^ 

Postoperative shock is largely due to hemorrhage, but minimal 
bleeding may precipitate it if the patient has been long in labor, or 
if the anesthetic has been poorlj’^ selected or unduty prolonged. 
Blood plasma or serum should be administered. Intravenous dextrose 
is valuable onty when shock is minimal; later on it is harmful. The 
indication is to restore blood volume. Cardiac stimulants and 
adrenalin are contraindicated and harmful. Morphine should be 
given. Oxjfgen is indicated while carbogen is not. Bodj^ warmth 
should be conserved, but care should be taken that blood volume is 
not further depleted bj^ dehj'dration due to sweating. Transfusion 
majf be indicated later. 

Infection of the uterine wound is a serious complication and more 
commonl^f follows an operation performed in the presence of actual 
or potential uterine infection. When it occurs, the location of the 
uterine incision largely'’ determines the development of peritonitis. 
The classical cesarean section offers little protection, the lower seg- 
ment operation affords fair protection and the true extraperitoneal 
operation in most instances provides the best assurance of safety. 
The safety of the lower segment operation that includes a transverse 
incision low in the cervix should equal that of the true extraperitoneal 
operation, if it is agreed that an infected incision and not anmiotic 
spill is the important cause for peritonitis. 

Local uterine inflammation is not uncommon, and involution is 
often delaj'^ed. Occasionalijs it is possible to recognize the formation 
of a uterine or extrauterine abscess clinicallj^ though the common 
sj-mptoms of fever, rapid pulse and a tender uterus do not necessarity 
indicate this complication. Abdominal drainage over Poupart’s liga- 
ment has been successfulty performed in such cases. 

Peritonitis is the common fatal complication. It ma}" result from 
drainage of an infected uterine wound into the abdomen, or Ij'^m- 
phatic spread, vascular extension, direct continuity and tubal 
extension from infected decidua. Lochiastasis will predispose to 
extension of intrauterine infection by any route and should be 
watched for and prevented. Vaginal swab cultures or routine intra- 
uterine cultures taken at the time of operation will be the basis for 
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proper selection of sulfonamide therapy.®®'®’-®® No other therapy is 
specific. 

Simple wound infection may occur or actual wound disruption, 
which may be associated with intestinal obstruction. High tempera- 
ture and saturation of the abdominal dressings with serous fluid are 
early clinical signs. Even though skin union is apparently good, on 
inspection and palpation of the wound the diagnosis is not difficult. 
Careful reduction of protruding omentum or gut, with their retention 
by a strip of vaselined gauze and firm adhesive strapping will give 
better results than resuture. 

Pulmonary collapse may occur postoperatively with subsequent 
atelectasis. Phlebitis, pulmonary embolism and infarct are usually 
closely related complications of the late puerperium and are always 
due to sepsis. Morphine is valuable. Though transfusion may appear 
to be indicated — and it often is — due caution must be exercised for it 
is not without danger. 

The bladder or ureter maj- be injured during operation. When 
urinary tract infections complicate the puerperium, it is important 
to remember that clinical cure is not certain until urine cultures 
become negative. 

Incisional and umbilical hernia and rupture of the uterine scar in 
subsequent pregnancy are late sequelae. Montgomery®® believes that 
hernia is a more common sequel of cesarean section than of any other 
form of lower abdominal operation. Avoidance of postanesthetic 
vomiting, careful suture of the abdominal wall and properly applied 
adhesive dressings are important factors in prevention. 

Peritoneal adhesions are a common result of the classical opera- 
tion, and symptoms of chronic intestinal obstruction may recur from 
time to time. 

It is not possible at present to determine the part played by 
cesarean section in later sterility or abortion. 

PROGNOSIS 

It is impossible to discuss the actual mortality of cesarean section 
in the United States in any but general terms. It is probably at least 
1 0 per cent and possibly approaches 1 5 per cent. Reports from well 
conducted clinics and individual operators as a rule show better 
results than those of local comprehensive surveys. On the whole the 
risk of operation has been lessened, yet Holland'*® as early as 1921 
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reported a mortality of but 4 per cent in 4,197 operations in thirty- 
seven British hospitals. 

King^® in a comparison of two cesarean section surveys in New 
Orleans found a maternal mortality of 16 per cent in 300 operations 
performed from 1921 to 1926 and 5.9 per cent in 1,108 operations 
from 1927 to 1936. Quigley in 1939, has reported a mortality of 2.9 
per cent in 937 cesarean sections for a ten-year period in Rochester 
and Monroe County, New York. DeNormandie,^® reporting a total 
of 2,106 abdominal deliveries in Massachusetts in 1937 found the 
mortality rate but 3.1 per cent. Irving''® found a gross death rate of 
5.8 per cent in all types of cesarean section in 1 1,491 cases compiled 
from seventeen American authors. Arnold® comparing all available 
reports published since Plass’^® compilation in 1931, quotes thirty 
American authors reporting 15,768 cesarean sections with a maternal 
mortality of 4.69 per cent. 

Lynch,®® in 1937, collected a large series of 12,055 cesarean opera- 
tions with a mortality of 4.1 per cent. Bland® discussing this paper 
said: “ In an exhaustive analysis of the world’s literature for the past 
two decades, I found a series of 65 papers devoted to a general survey 
of postoperative cesarean section mortality. In this series there were 
recorded 1,843,356 deliveries. Of this number 19,480 (1.5 per cent) 
were effected by the abdominal route and 1269 (6.5 per cent) of the 
patients died. In some of the papers published in this country the 
maternal death rate was unbelievably high. For example in the series 
reported by Bickel of Indiana it was 17.3 per cent. In the survey 
conducted in the City of New Orleans it was i6.i per cent. Magnus 
Tate in his study reported a rate of 16 per cent. In a survei”^ made in 
the State of Texas, it was 14.4 per cent. In Europe it runs a deadly 
parallel and ranges between 6 and 7 per cent. Loss of life is by no 
means negligible. In the series of 1,843,356 deliveries with 19,480 
sections recorded in this country and abroad there were 913 dead 
babies or a fetal mortality of 4.4 per cent.” 

In Arnold’s tabulation of national cesarean statistics from 
twenty-five American authors for 1931 to 1939, the fetal mortality 
was 8.8 per cent in 9,884 cases, ranging from 2 per cent in a series of 
347 cases to 17 per cent in 329 cases. Daily, “ however, has reported 
1,000 consecutive cesarean sections performed by fifty operators 
with but eight deaths, or 0.8 per cent. 

If it is admitted that growing emphasis upon the value of the 
baby is partly responsible for the increasing incidence of cesarean 
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section, a fetal mortality at least twice as high as the general fetal 
rate deserves consideration. Fetal and neonatal death are due chiefly 
to atelectasis, prematurity and intracranial hemorrhage. The indica- 
tions for cesarean section and complications of pregnancy would 
appear to be important factors. 

Miller®' in an excellent study of the effect of methods of delivery 
particularly cesarean section on fetal and neonatal mortality, points 
out that cesarean section surveys have paid scant attention to the 
infant, reporting only on its mortality. He believes that the post- 
cesarean section mortalit}'^ in premature infants depends almost 
entirely on the birth weight irrespective of complications of preg- 
nancy. The high incidence of prematurity associated with placenta 
previa, separation of the placenta and toxemias of pregnancy seri- 
ously affects the figures. It is equally obvious that cesarean section 
simply as a method of delivery should not be associated with higher 
fetal mortality than spontaneous delivery or low forceps. The oppo- 
site should be the case. For practical purposes, fetal mortalit}' will 
depend upon the birth weight, in the case of cesarean section per- 
formed before term, and upon the character and duration of labor at 
full term. 


CONCLUSION 

Cesarean section is probably the most valuable therapeutic pro- 
cedure in the armamentarium of the obstetrician. Its proper use, 
however, represents a real problem. The continuing increase in its 
incidence is largely due to a broadening of the indications for opera- 
tion. The importance of contraindications to operation, however, is 
not generally appreciated. The increase in the incidence is due in part 
to the dictum “once a cesarean always a cesarean.” There is steadily 
accumulating evidence that this dictum should be modified, since 
with more common use of the lower segment operation the risk of 
rupture of the uterine scar is considerably lessened. In any case, the 
type of previous section, evidence of previous postoperative morbid- 
ity and the occurrence of previous infravaginal delivery are impor- 
tant factors that should be given consideration. 

The contraindications to the operation should be well known. 
While the risk is but one-half of one per cent under ideal elective 
conditions it rapidly rises with potential or actual uterine infection. 
Every effort should be made to perform cesarean section early in 
labor or before labor has begun. A proper trial or test of labor in 
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borderline cephalopelvic disproportion, and more general knowledge 
of the value of x-ray study should do much toward lowering the 
incidence and risk of operation, yet roentgenographic prediction 
alone, however expert, will not satisfy the obstetrician. His experi- 
ence is the greatest single factor in the evaluation of indications. Not 
every abdominal surgeon is qualified to do a cesarean section and 
those who are ignorant of the risk or unable to weigh its indications 
or contraindications should not perform the operation regardless 
of their technical skill. 

Selection of the type of cesarean section to be performed should 
be made with the greatest care. The advantages of the lower segment 
operation are now so well accepted that the classical operation is 
rapidly losing favor and today has but limited application. The most 
recent and important contribution to the technic of the lower 
segment operation is concerned with placing a transverse incision 
low in the uterus, behind the bladder and in the cervix if possible. 
Such an incision in a potentially infected uterus should afford great 
safety in that an infected wound can find easy vaginal drainage. 
This operation may be equal to the true extraperitoneal operation 
in its safety, for there is reason to believe that the amniotic spill 
is not nearly so important as the remaining infected uterus as a cause 
of fatal sepsis. For this reason, when the uterus is actually infected 
and cesarean section is indicated, anj'^ operation which leaves the 
uterus behind is dangerous, and hysterectomj^ following the section 
is the procedure of choice. 

Cesarean section occupies a prominent place in preventable 
maternal mortality. Much can be done to reduce the danger of 
operation. Incidental surgery during the course of the operation is 
contraindicated. The choice of anesthesia is of great importance. 
There is considerable evidence to show that spinal anesthesia is 
especially dangerous for the obstetric patient, and that local anes- 
thesia is safest. Any operator capable of performing cesarean section 
should be able to give adequate local anesthesia in the usual case. 
Hemorrhage and shock are common causes for death that can be 
largely controlled. In every case of cesarean section provision should 
be made for adequate replacement of blood loss. Blood plasma 
should always be immediately available in the event that compatible 
whole blood cannot be quickly secured. 

Worldwide statistics clearly show that the morbidity and 
mortality of cesarean section are higher than for any other pelvic 
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operation. It is clear that proper appreciation of all the factors 
concerned with the solution of this important problem will lessen 
the risk of operation. 
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Iditprbis 

MEDICAL STUDENTS, DEANS AND DEFERMENT 


A FEW months ago there was a great 
ado concerning medical students 
and the draft. We wrote editorials 
on the subject; other scientific publications 
also carried editorials. The Deans of our 
Medical Colleges were in somewhat of a 
dither, fearing a large percentage of the 
medical students now enrolled would end 
up in the army. Spokesmen of representa- 
tive bodies hurried to Washington to meet 
in conference and “take up” this matter 
with the right persons. Then, out of a clear 
sky a solution was found. 

Medical students would receive defer- 
ment. An opportunity was provided for 
junior and senior medical students to enroll 
in the War Department Reserve Pool. 
This made it possible for them to continue 
their studies, serve a year’s internship, 
and then be available for military service 
as medical officers. All hands believed 
that these upper classmen, en masse, 
would stampede for enrollment. However, 
the truth is discouraging. To date a very 
small percentage of these young men have 
bothered to do their duty. If these students 
persist in avoiding military service, the 
Army will lack the medical personnel it 


will require in the future. Under the Selec- 
tive Service Act deferment could be ended 
without discussion or previous notice; 
and if junior and senior medical students 
persist in the follj' of failing to take 
advantage of this method whereby they 
can complete their medical studies, this 
deferment is sure to come to an abrupt 
halt. 

It has been suggested that the Deans of 
our Medical Colleges can play an impor- 
tant and active role in this situation. 
They can call the upper classmen together 
and explain the situation in detail, using 
words of one syllable; or call each student 
before them individually and explain the 
why’s and wherefore’s and then “turn 
on the heat.” 

It is believed that the “authorities” 
have leaned over backward and have been 
patient and fair. Now the shoe is on the 
other foot; and no one will complain if, 
after a reasonable time, medical students 
are no longer deferred but are inducted 
into the Army, unless they apply for 
commissions as second lieutenants in the 
Medical Administrative Corps or as en- 
signs in the Navy. 
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TWO UNUSUAL BIOGRAPHIES: PARK AND WELCH* 


D uring the past few years the book 
readers of this country have been 
deluged with books written by phy- 
sicians. Many of them have been autobiog- 
raphies. At first some of them reached the 
best-seller lists. Then the public became 
tired of reading about medical students, 
hospital life, gory details of human suffering, 
and turned to fiction and mystery stories. 

In 1925, Harvey Cushing wrote the 
Life of Sir William Osier. It was awarded 
the Pulitzer Prize for that year. It is still 
a model of its class. One would think more 
phj'sicians would write about the giants in 
our profession rather than being whimsical 
about themselves. And so, it was with 
great joy that we received two books about 
physicians who helped shape the course 
of American Medicine. 

“The Man Who Lived for Tomorrow — 
A Biography of William Hallock Park, 
M.D.,” is a delightful biography of the 
man who, among other great accomplish- 
ments, saved the lives of thousands of 
children by his diphtheria antitoxin. Park 
did other important things in his life; 
his innumerable discoveries earned him a 
place among the immortals in Medicine. 
This is no place to review the highlights 
of the work. Wade Oliver, for many years 
a well known teacher of bacteriology', 
the author of two volumes of poems and 
of a delightful small volume, “Stalkers 
of Pestilence,” has written an absorbing, 
moving, and all in all a delightful biog- 


raphy. Not only will it prove invaluable 
to future medical historians, but merely as 
a book to pick up and read it will be found 
a thing of pleasure. 

Simon Flexner and James Thomas Flex- 
ncr offer “William Henry Welch and 
the Heroic Age of American Medicine.” 
Simon Flexner was one of Welch’s early 
pupils and was closely associated with his 
former teacher through most of his life. 
James Thomas Flexner, son of Simon 
Flexner, will be recognized for his widely 
read early American history, “Doctors 
on Horseback.” 

Welch needs no introduction to any one 
of our profession. He was one who lived 
in our time and whose life and work will 
be read about and discussed a century from 
now, A many-sided figure, “Popsy” truly 
was a character. And the Flexners have 
done an honest and detailed portrait of 
this man who was the intellectual father of 
so many of the greatest scientists in 
America. We would not venture to predict 
the work’s reception by the average lay 
reader but we do predict that the Doctor 
of Medicine u ill find every chapter good 
reading. 

This is the Holiday Month, the time one 
exchanges gifts with relatives and friends. 
Doctors often make gifts of books. This 
year we recommend these two volumes as 
just the gift for a colleague or a co-worker. 
They are the type of books one feels proud 
to have on the shelves of his library. 


* Oliver, Wade W. The Man Who Lived for Tomorrow — Biography of William Hallock Park. New York, I 94 *' 
E. P. Dutton & Co. Price S3.75. 

Flexner, Simon and Flexner, James Thomas. William Henry Welch and the I leroic Age of American Medicine. 
New York, 1941. Viking Press. Price S3. 75. 
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JUVENILE OSTEOCHONDREAL (CHONDRO^EPIPHYSITIS) 

HYPOTHYROIDISM 


Robert L. Schaefer, m.d. and Frank H. Purcell, m.d. 

Consulting IZnclocrinoIogist, Grace Hospital Attending Ortiiopedic Surgeon, Grace Hospital 

MICHIGAN 


DETROIT, 

F rom a former study' it Is the au- 
thors’ contention that so-called juve- 
nile chondro-epiphysitis is due to 
neither an inflammatory process nor vascu- 
lar changes but specifically to hypothyroid- 
ism with the consequent lack of its tissue 
differentiating factor. The confusing termi- 
nology of proper names as related to the 
various joints involved which designate 
each as a separate clinical entity should be 
done away with entirely, and the term 
“chondro-epiphysitis” changed to “osteo- 
chondreal hypothyroidism.” Basic therapy, 
we believe, is adequate replacement of 
desiccated thyroid. Orthopedic treatment, 
frequently necessary, is adjunctive. 

In our former publication such charac- 
teristic chondro-cpiphyseal changes were 
found in ninety-one out of 258 clinically 
proved endocrinopathic patients. Out of 
this ninety-one all but five were associated 
with the primary or secondary signs of 
hypothyroidism, such as mental retarda- 
tion, characteristic structural changes, 
delay in the time of appearance of osseous 
centers, increased blood cholesterol and 
decreased basal metabolic rates. Thirty- 
eight patients, or 41 per cent, revealed 
multiple epiphyseal disturbances. This 
indicates its generalized character. The 
following endocrine diagnoses were noted: 
thirty cases of hypothyroidism, thirty-five 
cases of adiposogenital pituitarism, twenty- 
five cases of pituitary dwarfism and one 
case of eunuchoidism. The osseous findings 
were made possible through the routine 


roentgenographic studj' for osseous devel- 
opment. We deem this a most important 
diagnostic procedure in endocrine medicine. 
In a control group of ninety-nine non- 
endocrine patients in the same age group 
only 7 per cent revealed comparative 
Roentgen findings of chondro-epiphyseal 
disturKance. Only two of the endocrine 
patients cited had associated clinical symp- 
toms of so-called juvenile osteochondritis. 

The requirements for the diagnosis of 
hypothyroidism, either primary or second- 
ary, are the usual ones: clinical history, 
developmental delay, decreased basal meta- 
bolic rates well below minus 10 per cent, 
increased blood cholesterol above 200 mg. 
per 100 cc. blood, and delay in osseous 
development. In addition, we now include 
chondro-epiphyseal changes as indicated 
in this publication. Because of the com- 
plexity of the entire endocrine mechanism 
iiniglandular disturbances are compara- 
tively rare. The present trend in diagnosis 
is pluriglandular as is the treatment. There- 
fore, by primary hypothyroidism is meant 
a clinical disturbance in which no signs of 
dysfunction can be determined except 
those referring to the thyroid. By second- 
ary hypothyroidism we imply that the 
primary failure is due to a gland other 
than the thyroid, such as primary pituitary 
failure exhibiting growth or sex disturbance 
together with associated determinable signs 
of thyroid failure. Characteristic chondro- 
epiphyseal changes are not infrequently 
seen roentgenologically in a normally con- 
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stituted, growing child. We believe this is a 
sign of poor thyroid function which has 
prevented proper epiphyseal diflerentia- 
tion. Therefore, regardless of the clinical 
syndrome met with all patients exhibiting 
such characteristic bone changes should be 
considered as definitely hypothyroid and 
treated with desiccated thyroid to bring 
about normal bone difTcrentiation, 

To make our observations more conclu- 
sive, we are presenting in this publication 
tNventy-seven patients. All showed chondro- 
epiphyseal changes associated with clinical 
symptoms such as pain and impairment of 
function. The Roentgen diagnoses in this 
study in all but a few instances were made 
by a cross-section of able roentgenologists 
in our area. It can be stated in this regard 
that in the original study our roent- 
genological evidence represented more ad- 
vanced changes than in many of the 
cases in which specific chondro-epiphyscal 
changes were diagnosed in this present 
group. Had we followed these lesser roent- 
genologic signs in the original study, the 
percentile incidence would have been 
greatly increased. Because of the associated 
local symptomatology plus the unbiased 
Roentgen diagnoses there can be no doubt 
that in this group we are dealing with 
heretofore so-called clinical chondro-epiph- 
ysitis. A therapeutic response, short- 
ening of the invalidism, and the return to 
normal bone detail through adequate 
thyroid therapy, we believe, is definite 
clinical evidence of the aforementioned 
contention. 

CASE REPORTS 

Perthes’ Disease. Case i. Unilateral. J. W., 
adiposogenital pituitary tNqje, age five years, 
was mentally retarded. 

In March, 1934, the patient complained of 
pain in the left hip. The duration was seven 
weeks. The limp affected the left side. There 
was normal function of the hip except for 
restriction to internal rotation. X-ray exami- 
nation revealed “advanced osteochondritis 
juvenile deformans, left side.’’ (Dr. H. A. Jarre, 
Grace Hospital.) Basal metabolic rate was 
minus 35 per cent. 


-Hypothyroidism orci «ht:R, *94* 

The patient was allowed to be ambulatory 
with the use of crutdies, and he constantly 
bore weight on his left leg. I le was placed under 
thyroid therapy, and at the end of two months 
the pain in the hip had disappeared. Follow-up 
-v-ray in June, 1938, showed “healed Perthes’ 
disease of the left hip.” (Dr. H. A. Jarre.) The 
Roentgen report of June, 1939, was “osteo- 
chondritis juvenilis deformans of the pro.ximal 
femoral epiphysis, healed; some shortening and 
broadening of the femoral neck; mild coxa 
vara.” (Dr. H. A. Jarre.) 

Clinical examination in August, 1939. re- 
vealed normal function of hip and no limp. 
Duration of thyroid treatment was approxi- 
mately four years with an average dose of 3? 2 
gr. daily. Basal metabolic rates ranged from 
minus 35 per cent up to minus 18 per cent, 
minus 6 per cent, plus 13 per cent and plus 6 
per cent. 

Case h. Bilateral. B. P., adiposogenital 
pituitary type, age five years. In November, 
1936, the patient complained of pain in the left 
hip and thigh. Twenty months previous he fell 
in the school gymnasium, but recently the pain 
had increased and the limp had become more 
noticeable. Examination presented a limp 
affecting the left side. The left hip revealed 
normal function except for restriction to in- 
ternal rotation. The right hip showed normal 
range of motion and no subjective symptoms. 
Report of the x-ray of the pelvis was “flatten- 
ing of the epiphyseal portion of the left upper 
femur indicating an osteochondritis; fra^en- 
tation is present; right hip shows similar 
changes but not so marked.” (Dr. C. C. 
Birkelo, Herman Kiefer Hospital.) Basal meta- 
bolic rate was minus 26 per cent. 

The patient was ambulatory with the use of 
crutches and he was allowed to walk as much as 
he desired. He was placed under thyroid 
therapy and at the end of two months there 
was complete disappearance of pain. Follow-up 
x-ray taken in Januarx", 1937, showed “bi- 
lateral osteochondritis juvenilis deformans, 
apparently in the state of repair on the right 
hip while much more active and in the state of 
progressive destruction on the left hip.” (Dr. 
H. A. Jarre.) A report in May, I937» 
“bilateral osteochondritis juvenilis deformans 
of the left hip in the state of repair with some 
flattening and broadening of the femoral neck; 
healing identical disease of the right hip; left 
hip undergoing repair.” (Dr. H. A. Jarre.) The 
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.v-ray report, December, 1938, showed “the dis- where there is a flattening of the upper 
ease in the riglit hip essentially healed. The femoral epiphysis itself, associated with 
process in the left hip still appears to be in the fragmentation and rarefaction of the epi- 



Fig. 1. Beginning of treatment. Fig. 2. Final film, five years later. 



Fig. 3. Beginning of treatment. Fig. 4. Tventy-nine months later. 


process of repair.” (Dr. H. A. Jarre.) In June, 
1939. the -v-ray report was “osteochondritis 
deformans juvenilis left hip, in the state of 
repair, with some flattening of the head and 
neck.” (Dr. H. A. Jarre.) 

Clinical examination in August, 1939, re- 
vealed a normal gait and no evidence of a limp. 
The right hip had normal functional range. 
The left hip had slight restriction to internal 
rotation. The left leg measured 28)^ inches 
and the right, 28^3 inches. The duration of 
thyroid treatment was two years and seven 
months with an average dose of 2^^ gr. daily. 
Basal metabolic rates ranged from plus 1 5 per 
cent in April, 1937, to minus 5 per cent in June, 
i 937 > and minus 4 per cent in August, 1939. 
(Figs. I, 2, 3 and 4.) 

Discussion. Perthes’ disease is usually 
recognized as a condition found in the hip 


physeal head and widening of the neck of 
the femur. The former orthopedic proce- 
dures in Perthes’ disease have been bed 
rest and immobilization with plaster or 
traction for various periods of time, fre- 
quently from one to three 3'^ears. Operative 
procedures to hasten recovery and revascu- 
larization such as drilling of the upper 
femoral epiphyses have been advised.”’^ 

It is the writers’ contention that with 
early recognition of juvenile osteochon- 
dritis of the hip and adequate thyroid 
therapy, radical operative procedures and 
immobilization can be avoided. 

Slipped Upper Femoral Epiphyses. Case hi. 
Bilateral old slipped femoral epiphysis., D. Me., 
colored, age fourteen j^ears. In May, 1938, the 
patient complained of pain in the right hip and 
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about the pelvis. The duration was three years, seen by a general surgeon who had applied a 
Examination presented a limp affecting the plaster cast in the position of abduction to the 
right side. The hip showed moderate limitation right hip. Examination following removal of the 



of flexion, good abduction and slight limitation 
to internal rotation. The left hip presented a 
good range of flexion, abduction and rotation. 
Both legs were of equal length. 

A'-ray report in May, 1938, was: “Bilateral 
coxa vara, somewhat more marked on the right 
side than on the left, with mild osseous pro- 
liferation from the level of the proximal femoral 
epiphyses, and the circumference of the right 
acetabular roof. This deformity we believe to be 
the result of slipping of the femoral epiphj'ses. 
Fusion of the femoral epiphyses is not com- 
plete.” (Dr. H. A. Jarre.) Basal metabolic rate 
was minus 14 per cent in May, 1938. AMay 
taken in .May, 1939, showed “bilateral healed 
slipped femoral epiphyses producing mild coxa 
vara deformity.” (Dr. H. A. Jarre.) A'-ray in 
September, 1939, showed “bilateral coxa vara 
more marked on the right than on the left. 
The femoral epiphj-ses are now firmly fused.” 
(Dr. H. A. Jarre.) 

No treatment other than thyroid therapy 
was given. The average dose was 2^0 gr. daily. 
At the end of four months all pain had dis- 
appeared. Clinical examination in September, 
1940, revealed no definite limp. Flexion of the 
right hip was present to right angles. There was 
good range of abduction and slight limitation 
to internal rotation. A-ray taken September, 
1940, presented “.No material change since the 
report of September, 1939.” hi. A. Jarre.) 

C^SE iv. J. G., white, age fourteen years, 
Fruhlich’s type, in July, 1940, the p.atient com- 
plained of a limp and pain in the right hip. Tire 
duration was tvo years. He \\as previously 


cast presented an obese boy with a limp affect- 
ing the right side. Flexion of the hip was 
present to right angles. Moderate e-xternal 
rotation of the leg was noted. Limitation of 
internal rotation was present. Basal metabolic 
readings ranged from minus 12 per cent m 
July, 1940, to plus 14 per cent in December, 
1940. 

In May, 1940, two months previous to ortho- 
pedic examination, .v-ra}' of the patient was 
taken in the cast room with the leg in position 
of abduction. The report was: “A correction of 
the slipped upper femoral epiph3-sis was seen in 
the film stud}' made outside this hospital. 
Fusion of the epiphj'sis is not present.” (Dr. 
\V. A. Irwin.) The patient was placed on an 
average dose of 3 gr. of desiccated th^toid 
dail}'. No further immobilization was used. He 
was ambulator}' on crutches but bore some 
weight on his leg. AT-ray report, August, I94®' 
showed “a partial slip of the upper epiphysis of 
the right femur with the diaphysis being dis- 
placed slightly anterior and with the metaph- 
ysis being widened anteriorly.” (Dr. W. A- 
Irwin.) A-ray report, September, 1940* demon- 
strated “an irregular and notched area in the 
upper anterior bodies of the vertebrae. This 
could be considered as a case of epiphysitis of 
the spine.” (Dr. W. A. Invin.) A-ray report, 
December, 1940, compared with the study 
made in September, 1940, failed to demonstrate 
any change in the relationship of the diaphysis 
and the epiphysis of the right femur. “Fusion 
oj the epiphyseal line is non- present." (Dr. • A. 
Invin.) 
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Clinical examination in December, 194.0, 
presented a child who walked with a right- 
sided limp. No real external rotation of the leg 
was present. The right hip showed fle.xion to 
right angles. Internal rotation was limited. 
Abduction was of good range but moderately 
limited. (Figs. 5 and 6.) 

Discussion. Slipped upper femoral epi- 
physes is a condition in which there is an 
apparent weak union between the epiphysis 
itself and the neck of the femur, resulting 
in a displacement of the head with the neck. 
It is also spoken of as an ante-x'ersion of 
the neck on the head.^ Treatment in slipped 
upper femoral epiphyses has been varied, 
including radical surgical procedures. This 
latter still remains an orthopedic measure 
of definite value. Manual reduction,*’ inser- 
tion of a nail,® drilling through the epi- 
physeal plate, and insertion of small grafts" 
have also been recommended, along with 
immobilization in plaster. While our data 
on slipped upper femoral epiphyses are 
still very meager, the writers are of the 
opinion that with early recognition of 
slipped upper femoral epiphyses and ade- 
quate thyroid therapy, more rapid and 
more complete fusion of the epiphyseal line 
may take place, and, therefore, subsequent 
radical operative procedures may possibly 
be avoided. 

Osgood Schlatter’s Disease. C.A.SE v. Bilat- 
eral, N. L., age thirteen years. In August, 1938, 
the patient complained of pain in the right 
knee. The duration was two months. The pain 
was present when walking or moving the knee. 
There was no history of injury. The right upper 
tibia presented a prominent tubercle with 
definite pain on pressure over this tibial tuber- 
cle and patellar tendon. The left upper tibia 
showed a moderateh- enlarged tibial tubercle 
but there was no pain. A’-raj- examination of 
both knees in the lateral projection revealed “a 
bilateral irregularity in shape and texture of the 
tibial tubercle, which we believe to be due to a 
bilateral Osgood Schlatter’s disease.” (Dr. A. K. 
Payne, Grace Hospital Clinic.) Basal metabolic 
rate was minus 14 per cent. 

The patient was placed on thj-roid therapj'. 
The average daily dose was 2^4 gr. Pain in the 
knee ceased at the end of three months. Basal 


metabolic rate in April, 1939, was minus 6 per 
cent and in August, 1939, it was minus 25 per 
cent. Thj'roid therapj' was increased. X-ray in 
June, 1939, revealed “Definite improvement in 
the Osgood Schlatter’s disease.” (Dr. H. A. 
Jarre.) In July, 1939, the report was “healed 
Osgood Schlatter’s, left, but there is still a 
transverse fissure present through the proximal 
end of the right tibial tubercle.” (Dr. E. M. 
Shebesta, Grace Hospital.) Final .v-ray in 
August, 1939, showed complete healing. (Dr. 
Jarre.) 

Case vi. Bilateral, W. B., structurally 
normal tx^se, age eleven years. There was dela}" 
in academic progress. In March, 1938, the 
patient complained of having had pain of 
increasing intensitv in both knees for seven 
weeks. It was aggravated when he participated 
in sports and when he rode a bicycle. Examina- 
tion showed bilateral prominent tibial tubercles 
and bilateral tenderness over the tubercles and 
patellar tendons. The maximum amount of 
tenderness was over the tubercles. A"-ray taken 
in March, 1938, revealed “Fragmentation of 
the right tibial tubercle having the characteris- 
tic appearance of Osgood Schlatter’s disease. 
More limited changes involving the left tibial 
tubercle.” (Evans and Rej-nolds.) Basal meta- 
bolic rate was minus 7 per cent. 

The patient was not immobilized. He was 
placed under thyroid therapj’* and after one 
month the pain in both knees disappeared. 
Basal metabolic rate was minus 7 per cent in 
November, 1938, and plus i per cent in August, 
1939. The average dose of desiccated thyroid 
was 2)2 gr- daily. A’-ray report in January, 
1939, was “Definite reformation of the right 
tibial tubercle with no fragmentation present. 
Left knee chiasm between the tubercle and 
tibial shaft rather wide. There is marked 
improvement over the condition observed in 
plates taken in March, 1938.” (Dr. Gerald 
Bernath.) AMay in August, 1939, revealed 
complete healing in both tibial tubercles. (Dr. 
Bernath.) 

Case vii. Unilateral, J. H., problem child, 
moderately obese, age twelve j^ears. In Febru- 
ary, 1939, the patient complained of pain in the 
right knee which had been present for five 
months. The pain increased when walking and 
running. Examination presented marked ten- 
derness over the right upper tibial tubercle. 
A'-rax- taken February, 1939, revealed “the 
right tibial tubercle to be definiteh' shorter than 
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on the left; poor radiability; fairlj^ wide chiasm 
but no fragmentation.” (Dr. Gerald Bernath.) 
Basal metabolic rate was minus 5 per cent. 

The patient was not immobilized. Four 
months following the initiation of tlwroid 
therapy all pain ceased and he was allowed to 
resume sports, such as hockey. The average 
dose was 2 gr. daily. Basal metabolic rate in 
August, 1939, was minus i per cent. He did not 
return for .v-rays because he had no symptoms. 

Case viii. Unilateral, R. O., adiposogenital 
pituitary type, age twelve and one-half years. 
In April, 1937, the patient complained of hav- 
ing had pain in the right knee for one month. 
The pain was more marked when running and 
kneeling. Examination presented fullness over 
the right tibial tubercle with pain on palpation. 
Weight one year previous was 97 pounds. 
Weight at the time of examination was 123 
pounds. Report of .x-ray of both knees April 12, 
1937, was; “The films reveal an Osgood 
Schlatter’s disease involving the right tibial 
tubercle with some soft tissue swelling about 
the tubercle.” (Evans and Reynolds.) Basal 
metabolic rate was minus 1 5 per cent. 

The patient was not immobilized. One month 
following institution of thyroid therapy pain in 
the knee disappeared. She received an average 
dose of 23^ gr. of desiccated thyroid daily from 
April to October, 1937. Basal metabolic rate in 
July, 1939, was minus 3 per cent. 

A-ray in September, 1937, revealed “definite 
improvement of the appearance of the tibial 
tubercle of the right knee.” (Evans and 
Reynolds.) X-ray report in July, 1939, stated 
that there was a normally appearing tibial 
epiphyseal tubercle. (Dr. Gerald Bernath.) 

Case ix. Bilateral, E. L., fairly normal 
type, age thirteen years. In January, 1939, the 
patient complained of having had severe pain 
in the left knee for one year. Recently he had 
occasional ache in the right knee. Pain was 
noticed especially when walking or climbing 
stairs. Examination showed a very prominent 
tibial tubercle on the left side which was 
extremely tender to touch. Tenderness was 
present over both the tibial tubercle and the 
patellar tendon. The right knee presented no 
unusual prominence but there was tenderness 
to palpation. X-ray report, January, 1939, of 
both knees was; “There is considerable frag- 
mentation of left tibial tubercle. It appears to 
be lifted from the shaft of the tibia proper. Soft 
tissue swelling present over this region. The 


right tibial tubercle is moderately lifted, but 
there is no fragmentation. Summary — Osgood 
Schlatter's disease, bilateral.” (Dr. Gerald 
Bernath.) Basal metabolic rate was minus 13 
per cent. 

Due to the severity of pain the left knee was 
immobilized but only for two weeks. There was 
a marked decrease in symptoms during the first 
month of thjToid therapy. At the end of three 
months all symptoms disappeared. Average 
dose was 3 gr. daily. Basal metabolic rate in 
July, 1939, was plus i per cent. 

X-ray report in Maj', 1939, was; “Left knee; 
the fragmented portion of the tibial tubercle 
has united. There is still some irregularity 
present. There also appears to be some union 
of the tongue of the tubercle to the shaft of the 
tibia. Right knee shows some improvement in 
the relationship of the tibial tubercle to the 
shaft. Summarj", improving bilateral Osgood 
Schlatter’s disease.” (Dr. Gerald Bernath.) 
A''-ray report in July, 1939, was “Some further 
improvement in the left tibial tubercle, but 
still incomplete reformation. Right knee shows 
no apparent changes.” (Dr. Gerald Bernath.) 

Since the early part of June, 1939* lour 
months following the original examination, the 
patient has been participating in all sports and 
there has been no recurrence of any symptoms. 

Case x. Unilateral, R. S., structurally 
normal type, age eleven years. In September, 
1936, the patient complained of having had 
pain in the left knee for three months, particu- 
larlj' on bending or kneeling. Examination 
revealed definite tenderness over the left tibial 
tubercle. Report of .x-ra3' in September, 
was “Left knee shows definite lifting of tibial 
tubercle and broad chiasm between the shaft 
and tubercle.” (Dr. Henrj" Ulbrich.) Basal 
metabolic rate was minus 1 5 per cent. 

Two months following institution of thjwoid 
therap3' all sj'mptoms disappeared. The aver- 
age dose was 2 gr. a dajA The patient moved to 
another city and follow-up could not be 
obtained. 

Case xi. Unilateral., O. D., structurally 
normal type, age twelve j’^ears. In April, I 93 ^' 
the patient complained that for one j’ear she 
had been having pain in the left knee. Exam- 
ination presented a prominent left tibial tuber- 
cle with tenderness. X-raj”^ in April, i 938 < 
showed “Definite chiasm between the tubercle 
and tibial shaft. No fragmentation.” (Dr. H. A. 
Jarre.) Basal metabolic rate was minus 9 per cent. 
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Three weeks following initiation of thyroid 
therapy all pain had disappeared. Average dose 
was i}^ gr. daily. A’-ray taken in June, 1939, 
revealed “No apparent disease at or near the 
left knee.” (Dr. H. A. Jarre.) 

Case xii. Unilateral, J. D., lu-pothyroid- 
ism, age fifteen years. In February, 1935, the 
patient complained of recurrent unaccountable 
headaches and of having had pain in the left 
knee for five months. He had fallen from his 
bicycle and developed what was termed a 
traumatic synovitis. He had been treated 
orthopedically with immobilization and rest. 
The pain was recurrent except when immobil- 
ized. Examination revealed slight swelling of 
the left knee. There was tenderness over the 
region of the tibial tubercle. A’-ray examina- 
tion February 26, 1935, showed lipping of the 
tubercle plus evulsion such as is seen in Osgood 
Schlatter’s disease. Basal metabolic rate was 
minus 13 per cent. 

The patient was placed on desiccated thyroid 
in a dosage varying from i to 3 gr. daily. After a 
period of one month no further pain was com- 
plained of even though all normal activities 
were permitted. There was no recurrence of 
headaches. On May 10, 1935, .v-ray of the knee 
still revealed separation of the tubercle but to a 
much less degree. A'-ray on October 26, 1935, 
showed the tubercle of the tibia to be com- 
pletely fused. Basal metabolic rates ranged 
from minus 24. per cent to plus 2 per cent. 

Case xiu. Bilateral, G. G., hypothyro- 
parathyroidism, age thirteen years. In March, 
i937> the patient complained of having had 
pain in both knees for one month. Examination 
revealed tenderness over the tibial tubercles. 
There was no swelling. A’-ray showed frag- 
mentation of tibial tubercles and Irregularity of 
diaphyses (Osgood Schlatter’s disease). Basal 
metabolic rates were minus 9.6 per cent and 
minus 16.1 per cent. 

The patient received desiccated thyroid in an 
average daily dose of 2 gr. Following institution 
of this therapy no further complaint of pain 
was noted. A’-ray April 8, 1938, revealed normal 
osseous structures of the right tubercle; areas 
of very slight fragmentation in the left tuber- 
cle, completely normal bone detail of the 
diaphyses. 

Case xiv. Bilateral, J. S., age twelve years. 
In December, 1939, the patient complained of 
having had pain in both knees for three months. 
Examination revealed prominent bilateral tibial 


tubercles. Marked tenderness was present over 
both tibial tubercles. Pain was increased by 
knee flexion and riding a bicycle. AMay taken 



Fig. 7. Beginning of Fig. S. Ten months 
treatment. later. 


December 2, 1939, revealed multiple bone 
centers, that is, fragmentation of both tibial 
tubercles. No definite bone or soft tissue 
inflammatory reaction was noted. (Dr. H. L. 
Ulbrich.) A’-ray taken Februarj’ 8, 1940, re- 
vealed fragmentations of the eplplwses at the 
tibial tuberosities with no evidence of any soft 
tissue swelling or density. (Dr. Ulbrich.) 
A’-ray taken September 5, 1940, showed no 
evidence of soft tissue swelling. The tibial 
epiphyses were becoming one piece. The differ- 
ent centers were uniting. (Dr. Ulbrich.) A’-ra^’ 
taken December 3, 1940, revealed no demon- 
strable fragmentation of the tubercles or epl- 
pli yses. The density and bone detail in both 
instances were normal. (Dr. Ulbrich.) 

The basal metabolic rate was minus 10 per 
cent. The patient was placed on desiccated 
thyroid in December, 1939, and the dosage 
varied from i to 4 gr. daily. Two months 
following institution of thyroid therapy the 
pain in both knees ceased. The patient has been 
participating in all activities such as roller 
skating and ice-skating since the third month 
of medication. (Figs. 7 and 8.) 

Discussion. So-called Osgood Schlat- 
ter’s disease is probably the most frequent 
of the chondro-epiphyseal disturbances. 
The outstanding complaint is pain. The 
previously recommended orthopedic treat- 
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ment was that of immobilization in plaster 
until the pain ceased or until sufficient 
ossification had taken place. Open opera- 
tions’’® on the tibial tubercle also were 
advised in order to produce coalescence of 
fragmentation and to hasten ossification 
between the tubercle and the shaft. 

Immobilization was not employed in 
nine of the ten patients cited. They were all 
normally ambulatory. There was no inter- 
ference with school and play life. The relief 
from pain was much more prompt than 
with the older method of immobilization. 
While the number of patients is not great, 
we firmly belieA^e that the return of normal 
bone detail roentgenologically was defi- 
nitely hastened as compared with the older 
methods of treatment. 

Apophysitis. Case xv. Bilateral, J. E., 
hypothyroid type, age eight years. In July, 
1938, the patient complained of having had 
pain in both heels and a tendency to limp for 
the previous eight weeks. The pain had been 
constant and was increased especially after 
running. Examination presented a rigid foot 
limp due apparent^ to an effort to take the 
strain off the tendo achilles. Both feet showed 
normal range of function. All muscles were 
active and of good strength. There was marked 
tenderness to palpation over the posterior por- 
tion of the right os calcis near the insertion of 
the tendo achilles. Report of the .v-ray in July, 

1938, was; “Much irregularity and serration of 
the posterior portion of the right os calcis and a 
fragmented epiphysis. The left os calcis showed 
considerable irregularity and rarified epiphysis.” 
(Dr. Ulbrich, Mount Clemens.) X-ray in June, 

1939, showed “still further improvement in the 
epiphysis of the left os calcis and marked im- 
provement in the contour of the posterior end 
of the body of the os calcis. Right showed 
identical improvement.” (Dr. Ulbrich.) 

The patient displayed earlj*^ improvement 
and six months following the institution of 
thyroid therapy all symptoms disappeared. 
Average dose was 3 gr. dailj'. In June, 1939, 
the patient walked without any limp. He was 
very active on the farm where he lived. 

Case x\a. Bilateral, D. B., adiposogenital 
pituitary type, age twelve years. In April, 1939, 
the patient complained of having had pain in 
both heels for eight months. The pain was con- 
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stant when he Avas on his feet. He was pre- 
viously hospitalized in one of the large 
hospitals and placed in plaster. Following dis- 
continuation of this treatment pain again re- 
turned and became just as severe as formerly. 
Examination presented a bilateral limp. The 
right foot revealed verj' marked tenderness at 
the posterior end of the os calcis at and just 
below the insertion of the tendo achilles. On the 
left foot there was definite pain at the posterior 
end of the heel near the insertion of the tendo 
achilles. A-ray report in April, 1939, was: 
“The epiphj^sis of the right os calcis is ver}' 
irregular. Fragmentation is present at the lower 
end of the epiphj^sis. There is a small accessory 
navicular on the left. Diagnosis; Apophysitis 
of each os calcis more marked on the right; 
elongated scaphoid on right; accessory sca- 
phoid on the left.” (Dr. G. J. Bernath.) Basal 
metabolic rate was minus 37 per cent. 

The patient was not immobilized. Eight 
weeks after initiation of thyroid therapj' all 
sj'mptoms disappeared. The average dose was 
2 gr. daify. Basal metabolic rate in August, 
1939, was plus I per cent. X-ray report in 
August, 1939, was: “Left, marked improve- 
ment in the development of this epiphysis. 
Serration previously present is not nearly so 
marked. No fragmentation. Right, the marked 
irregularity previously present at the posterior 
eifd of the os calcis has almost completel}’’ disap- 
peared. Fragmentation is greatly improved. 
There is still one transverse fissure present in 
lower portion of the epiphysis.” (Dr. G. J. 
Bernath.) The patient at this time presented a 
normal gait. He was able to run and participate 
in all games. He was very active at camp. 

Case xvii. Bilateral, T. McG., structurally 
normal type with crj^torchidism, age ten j^ears. 
In May, 1939, the patient complained of con- 
stant pain in the left heel and occasional pain in 
the right heel. This had been present for three 
weeks. He could not run. Examination re- 
vealed a limp affecting the left side. The left 
foot showed marked tenderness at the posterior 
end of the os calcis at and just below the inser- 
tion of the tendo achilles. The right heel pre- 
sented a moderate amount of tenderness at the 
posterior portion of the os calcis. Studies of 
both os calces in May, 1939, showed the follow- 
ing: “There is some serration of the apophj^ses 
at the posterior portion of each os calcis. The 
left os calcis shoAvs fragmentation at its lower 
end. The right os calcis shows what appears to 
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be beginning fragmentation at its lower end.” 
(Dr. G. J. Bernath.) Basal metabolic rate was 
minus 23 per cent in May, 1939. 



in. 


Fig. 9. Beginning of treatment. 

Five weeks after institution of thyroid ther- 
apy the patient was completely free of all 
symptoms and participated in games. Basal 
metabolic rate in August, 1939, was minus 9 
per cent, and on January 9, 1940, it was minus 
7 per cent. A’-ray in August, 1939, revealed 
“Definite improvement in the body of the 
epiphysis of the right os calcis. Fragmented 
area has definite filling in. Left os calcis shows 
marked disappearance of serration and com- 
plete disappearance of the lower fragmented 
area.” (Dr. G. J. Bernath.) 

Case xviii. Bilateral, R. S., structurally 
normal type, age ten years. In June, 1939, the 
patient complained of having had pain in both 
heels for one year. Examination revealed a mild 
bilateral pronation of both feet. The left foot 
presented definite tenderness to palpation at 
the posterior portion of the os calcis at and 
below the insertion of the tendo achilles. The 
right heel presented tenderness in the same 
location but not so marked. Studies of both os 
calces in June, 1939, showed “epiphyseal lines 
of both os calces are serrated. There arc lines of 
diminished density extending through the left 
apophysis. Similar, less obvious lines extend 
through the upper portion of the right apophy- 
sis.” (^Dr. G. J. Bernath.) Basal metabolic rate 
was minus 8 per cent in June, 1030. 

Five weeks following institution of thyroid 
therapy the heel pain ceased. Average dose was 
H‘> gr. dally. .M this time the p.aticnt left on 
vacation and the mt'dication was stopped. 
.\-ray in July. 1939, revealed “Definite im- 


provement in the density of the left os calcis 
epiphysis. Serration is not so marked as on 
previous films. Lines of density diminished. 



Fig. 10. Eighteen months hater. 


show improved density. The epiphysis of the 
right os calcis shows increased density through- 
out the entire body of this right epipiiysis and 
less serration.” (Dr. G. J. Bernath.) The end of 
the os calcis still showed some tenderness to 
palpation. There was no complaint when walk- 
ing. Thyroid therapy was re-established. 

Examination on August 7, 1939, revealed 
moderate tenderness to palpation. The patient 
did not complain when walking and running. 
Duration of observation was two months. 

C.ASE.xix. Bilateral, J. M., pituitary dwarf, 
age seven years. In April, 1939. the patient 
complained of having had pain in both heels for 
seven weeks. Clinical examination presented 
some pronation of each foot. There was definite 
tenderness to palpation at the posterior, lateral 
and medial aspect of each os calcis. Tenderness 
was more marked on the left. A'-rav in April, 
1939, showed “marked fragmentation of the 
apophyses of each os calcis. Epiph\scal line is 
serrated and irregular. The changes arc those of 
an apophysitis.” (Dr. G. J. Bernath.) Basal 
metabolic rate was minus 16 per cent. 

Following five weeks of thyroid therap\ all 
subjective signs subsided. The average rlose was 
1^2 per day from April to June. He did not 
return for follow-up for several weeks. In Jui\, 
1939. he presented no subjecti\ c symptoms, but 
there was definite tenderness to palpation of the 
epiphysis of each os calcis. A*-ray report was 
“each os calcis still shows fragmentation of each 
epiphysis.” (Dr. G. J. Bernath.) The patient 
still requires thyroid therapy. 
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Case xx. Bilateral, W. H., adiposogenital 
pituitarism, age twelve years. On August 22, 
1939, the patient’s chief complaints were pain 
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Fig. 1 1. Beginniofr of treatment. 

in both heels, genital hypoplasia and obesity. 
Since attending gymnasium class for the pre- 
vious three years he had complained frequenth' 
of pain in both heels. It had been worse, how- 
ever, for the preceding few months when he 
walked or bore his weight for any length of 
time. He was forty pounds above the maximal 
normal and his height was at the upper limit 
of normal. The penis was about the size of a 
five year old child. While the testicles were 
descended into the scrotum, they were soft in 
consistency and definitely hypoplastic. There 
was tenderness over both heels. A'-rays of the 
elbow and ankles presented a chondro-epiphys- 
eal disturbance in the trochlea and evidence of 
fragmentation of both os calces. Changes w ere 
more marked in the left heel. Basal metabolic 
rate was minus 4. per cent. Blood cholesterol was 
210 mg. per 100 cc. blood. 

The patient was placed on desiccated thy- 
roid, gr. 3 daily, and the anterior pituitary sex- 
like hormone, 3 cc. twice weekljx The pain in 
the heels definitelj' subsided one month after 
institution of treatment and he was allowed to 
play football. The genital hypoplasia and 
obesity were corrected. There has been no 
further complaint. Follow-up .v-raj^s were not 
obtained as the mother deemed the patient 
quite well when seen one year later. (Figs. 9, 
10, II and 12.) 

Discussion. Epiphyseal disturbance of 
the os calcis, like Osgood Schlatter’s dis- 


ease, is very common. With or without 
treatment the ultimate prognosis k usually 
good. The pain, however, is a frequent 
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Fig. 12. Eighteen months 
J.'itcr. 

cause for immobilization and loss of school 
and play time. In the six patients cited no 
immobilization was deemed necessary. The 
outstanding symptom, pain, was much 
more rapidly relieved by desiccated thyroid 
than by the older methods,’" ” and the 
return to normal bone detail roentgenologi- 
calK' was much faster. 

Kohler's Disease. C^SE x.xi. P. G., gener- 
alized chondro-epiphyseal disturbance, pitui- 
tar3' dwarf, secondary hypothtToidism, age 
elc\'en j-ears. The patient was first seen 
Januarj- 18, 1932. His chief complaint was lack 
of statural grotrth. His standing height was 5.8 
inches below the minimal normal. All other 
measurements were comparativeK- below the 
minimal normal, conforming with the diagnosis 
of true pituitary dwarfism. In addition he pre- 
sented clinical signs of secondary h\-poth\'- 
roidism; alabaster tj’pe of pallor, dry skin, and 
a relative bradj’cardia. Secondary anemia was 
evidenced by a red blood cell count of 3,500,000. 
Basal metabolic rates were minus 29 and minus 
30 per cent. A-ra\'s taken Januaqv 23, 1932, of 
the knee, elbow, wrist, shoulder, hip and ankle 
gave a bone age dela\' of fuih' three to four 
j-ears. AH developing osseous centers revealed 
chondro-epiphyseal changes. The ankle dis- 
played marked Roentgen signs of Kohler’s 
disease. Dr. Lewis Clark Wagner, New York, 
w'as called in consultation, and he confirmed 
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the above Roentjteit fintiinr.s phi> a inarketl 
(iegree of llat hnit for whicit lie teeoinntentled 
orthopedic <h(H-<. It was his <»p!!iion that the 
generaliccti ehoiulio-epipltyseai <!i-'Hiihanee 
was eiuicHiinc io otigiu. I itcH’ films weie also 
uwiewed at that time bv the toeiitgenologi*.!*, 
at the Uupttued, and Ctippled Hospital. New 
' ork. wlio eoneiuied in general with the abo\e 
finding'-. 

diie follow im: tie.itment w.is afiministeted : 
dfviee.tted thvtoid in a tolerant dove \arving 
from ; to .j gr. <i,u!\ ; inieetion'- of the growth 
hotnione in the form <»1 antulttm-(f, ' to 4 eta 
twice w«t’ki\. (Juek-np idir.'' of th.e *..1110' joint 
legiotiv t.iken Apiii n. tn 5 ?. leve.ded no 
m.arketi l ii.ie.ca' iit the t'iiomho-ejriplp. '-iii'. 
pioent. 1 lute wa*-. however. .1 deimite .ui- 
\anee in tlie o'.'-eon-. de\ eloimient . ,V-r.i\s t.iken 
.hiiuiat v .1.5, to^v'^tU; \iu:ie-t H) 5 1. showed) 
deimite imptovenunt of tlu r homho-ejnphv 
e.il di'.te.tb.ii'a e. ,\-T.n ofAprd to. Kj^’.di*-- 
plaverl alinovt complete he.dm;: of what w.)-- 
prev iom-iv tetmed Kohler's th'-i'ase. 1 here wa*- 
m.arlad. improvement in both oweou'- rlevelop* 
merit .andi th.e p.-.tho!o;;;t a! eh.inge'- iitvl noteri. 
‘rreatment and oinerv ati<in were eontinned 
until Mateii. at whiHi time the \-ra\s 

revealed norm.d o-.'eoi;s ilevelopment and 
ttormrd h-one lietaih lli^ imigiu v. .iv ineh.ev 
whieh was i inches .-.hav e tlie mimmrd norm.d. 
.Adolescence was then tnianttng normaliv to- 
gether with epiphvse.dl Uosnre. I le.itment was 
V ithdr.'iwn. .At the pte.sent time in- is an aver.ige 
si'/ed \0nn5t man and si-\ diwelopment has bi'en 
normaliv loinpleted. 

(N'-t .\N!i, lv. M., in pothv roidisin, arm 

five veals !ive months. 1 he p.itient was fits* 
Hen .lamiarv ti. !o;o, His eiiief complaints 
were obesity, phvsical sUiguislmess, market! 
flat foot ami diilienhv in tnnnine.. His weigitt 
was ten jnninds above the mavim.i! normal atul 
his height was jitst below the maximal. Basal 
metabolic rates were not obtained, llie thag- 
nosis of hypothyroidism was baseti on tiu- 
elinieai liiulings of his gener;di/e<l obesity, 
jrhysieal inactivity, dry skin with snbentaneous 
thickening ami snt'gestive hypothyroid pallor. 
A -rays of the wrist, elbow, knees, ankles ami 
hij) displayed a delay in tissemis development of 
slightly over one year, (diomiro-cpii)hyseal 
changes were noted in l)oth ankles. 'Hie scaph- 
oid, I)oth internal cuneiforms and the heads 
of both second metatarsals exhibited marked 
irregularity in osseous detail. 'I'hey were moth- 


eaten and ragged in .appearance. The heads of 
the thirrl metatarsals exhibited the same 
chanite but to a less tlegree. I here were sugges- 



f it., 1 v 1 rfi, fn-eimiing of trr.itnu-nt: riclit, 
lifuvii iiiitnifis l.uer. 

tixe dinnges in th.e left scaphoid. The Roentgen 
lii.ignosis was bilateral Kiihler's riisease. 

•A jjroper orthopedic shoe was irreseribed for 
the patient. Dcsiecaterl thyroid was given in a 
toll-rant dose varying from 3 to 4 gr. daily, 
(annp.ifativ e films of imth ankles taken May 
».5. «*)',o. showed improvement of the so-called 
Kohler’s disease, but the ehange.s were still 
definite. .V-t.iy of both ankles made Septemirer 
go. to.jo, revealed tliat the former evidence of 
Kohlei’s dise.ise had almost entirely cleared. 
There was still some slight irregularity of tiic 
thitd and fourth metatarsals, but tiie rest of 
the osseous siruetures showed normal roent- 
genog.raphie irone detail. (I'ig, 13.) 

Disrussiou. Two case.s of Kohler's dis- 
ease arc describeci because of the advanced 
Roentgen picture and disturbance of gait. 
Hot It presented Ijilatera! involvement. It is 
most probable that more radical treatment 
would h.ive been given had those patients 
sought usual orthopedic care. In the first 
ease presented there was complete return 
to norntal hone detail roentgenologically 
with thyroid therapy, Tlie second is still 
under treatment i)ut according to the 
•v-ravs he, too, is approximating normal 
bone detail. 

I'ormer ortho])edic procedures include 
imtnobili'/.ation’--’^ with occasional indica- 
tion for arthrodesis, osteotomy and excision 
of the involved heads of the bones even 
including excision of the related metatarsal 
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and phalanx. Despite this heroic treatment 
results were not always satisfactory. 

Epiphysitis oj the Spine. Case xxiii. W. W., 
slipped upper femoral epiphysis, left, adiposo- 
genital pituitary type, age fifteen years. In 
April, 1939, the patient complained of having 
had pain in the left hip for six months. He had 
poor posture. There was no historj' of injury. 
Examination revealed a rather definitely obese 
individual walking with a left limp, the left leg 
being in marked external rotation. The spine 
showed a marked round back and increased 
lordosis. The abdomen was prominent. Slight 
left dorsal scoliosis was present. There was 
bilateral genu-valgus and bilateral pronated 
feet. Left hip had flexion to right angles and 
presented limited abduction and total loss of 
internal rotation. X-ray in April, 1939, revealed 
“Downward slipping and rotation of the 
femoral head of the left hip. Right hip negative. 
There is slight tilting of the pelvis, the left side 
being higher than the right. Diagnosis: slipped 
femoral epiphj^sis.” (Dr. G. J. Bernath.) X-ray 
of the dorsal lumbar spine displayed; “Moder- 
ate scoliosis, con\'exity to the left, apex being 
at the eleventh to twelfth dorsal vertebra. In 
the lateral view is noted an irregularity of the 
epiphj'ses of all the dorsal vertebrae. There is 
irregularity of the articulating portions of these 
vertebrae. Summary of the spine .v-ray; multi- 
ple epiphysitis.” (Dr. Bernath.) Basal meta- 
bolic rate was minus 3 per cent. 

The patient received desiccated thyroid in an 
average daily dose of 3 gr. X-ray in August, 
1939, was reported as follows: “Dorsolumbar 
spine shows very little if any change since the 
last examination in April, 1939. X-ray of the 
pelvis taken the same date shows progressive 
slipping of the upper femoral epiphysis, left.” 
(Dr. Bernath.) 

Aching and fatigue in the spine disappeared 
two months following institution of thyroid 
therapy and postural exercises. The slipped 
femoral epiphysis was progressive. Examination 
of the left hip in August showed marked 
restriction of flexion, abduction and rotation. 
The leg was still in a position of marked ex- 
ternal rotation. Replacement of epiphysis with 
nailing was performed September, 1939. Report 
of the .v-ray of the spine December 14, 1940, 
was as follows: “Diteral views of the dorsal 
lumbar spine still show evidence of epiphysitis 
involving all but the first four dorsal vertebrae 


and also involving the upper borders of the first 
two lumbar vertebrae. No further wedging of 
the dorsal vertebrae is noted,” (Dr. E. M. 
Shebesta.) 

Clinical examination in December, 1940, 
revealed that the posture of the individual had 
shown definite improvement. There had been 
no recurrence of aching or fatigue in the back. 
There was no increase in the spine curve. Left 
hip presented flexion restricted to slightly 
below right angles. There was no exterior rota- 
tion. Interior rotation was limited. 

Case xxiv. L. S., adiposogenital pituitary 
t5Tje, age thirteen years. In April, 1938, the 
patient complained of pain in the lumbar spine. 
He gave a historj’^ of slipping on some steps one 
month previous while in Arizona. Following 
this mild injury he complained of pain in the 
lower back. He was seen bj^ an orthopedist who 
-v-raj-ed his spine. A diagnosis of a fracture of 
the third lumbar vertebra was made, and the 
patient was placed in a plaster jacket with the 
spine in some hyperextension. Clinical examina- 
tion revealed an obese bo}’ with genital hypo- 
plasia. X-ray forwarded from Arizona showed 
what appeared to be an irregular indentation of 
the upper anterior portion of the third lumbar 
vertebra. No definite compression was noted. 
Further study of these same films revealed 
some irreguiaritj' and small raised bodies about 
the upper lumbar and lower dorsal vertebrae. 
Because of the peculiar findings it was believed 
that this lesion might not be a fracture but part 
of a generalized epiphysitis of the spine. Tuber- 
culosis was eliminated. He remained in his 
plaster jacket until May, 1938, and v-rays 
revealed absolutel}' no change in either the 
third lumbar vertebra or in the upper lumbar or 
lower dorsal spine. A diagnosis of multiple 
epiphysitis of the spine was made. In June an 
endocrine survey revealed a basal metabolic 
rate of minus 28 per cent. 

The patient received desiccated thjToid in an 
average daily dose of 4 gr. The plaster jacket 
was discarded and no further support was used. 
All signs of backache disappeared even under 
normal activity. Follow-up basal metabolic 
rates were minus 17 per cent in December, 
1938; minus 19 per cent January 9, 1939; minus 
20 per cent January- 14, 1939; and minus 15.2 
per cent August 29, 1939. 

Report of .v-ray in July, 1938, was as follows; 
“The moth-eaten irregularity seen in the 
anterior portion of the third lumbar vertebra is 
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Still apparent. However, there seems to be some 
improvement in the calcium deposition in this 
area. The zone of decalcification seems to be 
filling in. We also note irregularities about the 
site of the epiphyseal plates of the other lumbar 
vertebrae. These findings were not so clearly 
noted on previous examination. On the basis of 
tliis observation we are now inclined to believe 
that the pathology*' presents an epiphysitis.” 
(Dr. G. J. Bernath.) A'-ray taken October, 

1938, showed “Slight improvement in the 
appearance of this condition.” (Dr. Bernath.) 
A*-ray in December, 1938, displayed “This 
condition appears to be the same as the last 
.v-ray examination.” (Dr. Bernath.) Report of 
.v-ray in March, 1939, was: “There appears to 
have been some additional filling in tlirough the 
upper anterior portion of the third lumbar 
vertebra. The vertebra is maintaining its nor- 
mal shape and there is no evidence of wedg- 
ing.” (Dr. Bernath.) Report of .v-ray in June, 

1939, was: “The changes previously described 
in the upper anterior portion of the third 
lumbar vertebra shows marked improvement. 
There appears to be excellent filling-in in the 
upper anterior portion of this third lumbar 
vertebra. Summary: .v-ray study shows definite 
improvement in filling-in of this moth-eaten 
irregular appearing area.” 

Follow-up report in August, 1939, revealed 
that there had been no pain in the lower back 
following the removal of the jacket and estab- 
lishment of thyroid therapy. Activity in all 
games did not produce pain. Function of the 
back was normal. Obesity was reduced. The 
genital hypoplasia was corrected. 

A-ray in October, 1940, of the dorsolumbar 
spine showed the vertebral epiphyses to be well 
healed. (Dr. Shebesta.) 

Qvse xxv. F. L. Immature type, age 
fourteen years. In March, 1939, the patient 
complained of poor posture of the spine and 
generalized aching in the back. Clinical ex- 
amination presented left dorsolumbar, right 
lumbar curve with slight rotation. Report of 
.v-ray in March, 1939, was as follows: “The 
anterior-posterior view showed slight curvature 
of the spine involving the dorsal and lumbar 
region. No marked rotation. Partial spina 
bifida from the twelfth dorsal to the fifth 
lumbar. Lateral view showed irregular punched- 
out areas of the upper anterior portions of the 
bodies of the third, second, and first lumbar 
vertebrae and twelfth, eleventh, and tenth dor- 


sal vertebrae.” (Dr. Ulbrich, Mount Clemens.) 
Basal metabolic rate was minus 4 per cent. 

The patient received an average dally dose of 
2 gr. of desiccated thyroid and was given 
postural exercises. At the end of two months he 
did not complain of pain in the back. He 
avoided treatment for a period of three months, 
and in August, 1939, his basal metabolic rate 
was minus 20 per cent. Thyroid therapy was 
re-instituted beginning with i}^ gr. per day. 
Report of .v-ray taken in August, 1939, was the 
following: “Anteroposterior view of the spine 
shows a definite improvement over the films 
taken in March, 1939. The alignment of the 
dorso-lumbar spine is practically normal. How- 
ever, there is still some irregularity over the 
upper anterior portion of the bodies of the 
upper lumbar and lower dorsal vertebrae. We 
believe that these epiphyseal changes in the 
spine are the cause of progressive scoliosis and 
are of endocrine origin.” (Dr. Ulbrich.) 

Case xxvi. V. M., underweight, age seven 
years. In April, 1932, the patient complained 
of curvature of the spine. Examination showed 
a left dorsal, right dorsal lumbar curvature 
with rotation. A-ray showed a rather marked 
scoliosis in the dorsal and lumbar region, apex 
of the dorsal curve being in the mid dorsal 
region. There was some wedging of the bodies 
of the dorsal vertebrae. The patient was treated 
with suspension jackets, frame treatment with 
head, lateral and pelvic traction. Good correc- 
tion of spinal deformity was obtained. The 
spine was then fused. Following the removal of 
plaster subsequent to spine fusion and applica- 
tion of brace, it was noticed that the deformity 
still was progressive. This may have been due 
to lack of complete fusion. She was not seen 
then for a period of months. Examination in 
1935 showed a marked increase in the dorso- 
lumbar curve with marked increase in rotation. 
Basal metabolic rate was minus 35 per cent. 

The patient was placed on thyroid therapy, 
believing that the progressb'e scoliosis plus the 
low metabolic rate was due to hypothyroidism. 
The average dose was 3 gr. daily. Basal 
metabolic rate was minus 5 per cent in Decem- 
ber, 1938, minus 4 per cent in May, 1939, and 
minus 2 per cent in August, 1939. Follow-up 
.v-rays at various intervals showed increasing 
deformity of the spine. However, since raising 
the basal metabolic rate and continuing the 
thyroid therapy, the deformity seemingly has 
remained fixed. 
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appeared. The moderate spinal curve was not 
increased. 

A’-ray report in July, 1940, was as follows: 
“Epiphyseal irregularities previously observed 
are still apparent. They appear to be in closer 
contact with the vertebral bodies at this time. 
There is a slight convexity of the lumbar 
spine.” (Dr. G. J. Bernath.) A^-ray report in 
December, 1940, sliowed “ eplph3'sitis of the 
seventh dorsal vertebra and apparently'- to a 
slight extent of the eighth and ninth as well. No 
appreciable deformity is present.” (Dr. E. M. 
Shebesta.) 

Clinical examination of the spine in Decem- 
ber, 1940, in the upright position showed the 
contour of the spine to be fairly straight. There 
was no increase in the curve. All fatigue had 
ceased. (Figs. 14, 15, i6 and 17.) 

Discussion. It is possible for many of 
the so-called idiopathic scoliotics to be 
prevented entirely’- or the aggravation of an 
existent curvature to be ameliorated if 
early diagnosis is made and treatment tvith 
desiccated thyroid instituted at its recogni- 
tion. Corrective orthopedic measures^"**^^ 
must be employed when gross deformity is 
demonstrated -either physically or by 
Roentgen ray. The changes seen in the 
vertebrae roentgenologically are similar to 
those revealed in the other so-called clinical 
entities. It will be most gratifying if the 
future proves this to be true and the 
incidence of this deforming condition is 
lessened because the other conditions do 
not ordinarily lead to such grave future 
consequences to the patient. Routine 
Roentgen studies should be made, there- 
fore, in all pre-adolescents displaying 
postural vertebral changes. If this area 
were routinely included with the roentgeno- 
graphic study for osseous development by 
all clinicians interested in endocrine medi- 
cine, we believe it would be excellent 
prophylactic means to obviate the develop- 
ment of so-called idiopathic scoliosis. 

SUMMARY 

A consecutive group of twenty-seven 
cases of juvenile osteochondritis is pre- 
sented. Of the twenty-seven patients two 
males were classified as Perthes’ disease; 


one male and one female as slipped upper 
femoral epiphyses, seven males and three 
females as Osgood Schlatter’s disease, 5 
males and i female as apophysitis, two 
males as Kohler’s disease and three males 
and two females as epiphysitis of the spine. 
The age range was from five to fifteen 
years. All displayed definitely related 
symptomatoIog5^ The Roentgen diagnoses 
in all were unbiased as they were made by 
a cross-section of able roentgenologists. 
Every patient routinely received desic- 
cated thyroid orally in a full, therapeutic 
dose. In addition, those patients displajdng 
other signs of endocrine dysfunction, such 
as the late descent of testicles and dela^^ 
in adolescence, were treated with the 
pituitar}^ sex-like hormone. An attempt 
was made to correct obesity when present. 
All cases were ambulatory. No immobiliza- 
tion was necessarj' except for Case ix under 
Osgood Schlatter’s disease whose knee was 
immobilized for only two weeks. No 
hospitalization was required. The expense 
was reduced to a minimum. Normal ossi- 
fication of the epiphyses was hastened as 
indicated from the subsequent x-ray find- 
ings. Clinical cure was affected more 
rapidly. 

It is our belief that the pre-accepted 
orthopedic methods of treatment are fun- 
damentally incorrect and present many 
disadvantages. The period of immobiliza- 
tion is long. It can lead to restriction of 
joint function, muscular atrophy and loss 
of school and play time. The expense of 
hospitalization and convalescent care maj’- 
rise to considerable proportions. Open 
operations requiring even more detailed 
care have not produced the desired result 
either etiologically or functionalfy because 
the lacking tissue differentiating factor is 
not supplied. While immobilization can and 
does relieve pain, there is no stimulation of 
the true etiological factor involved without 
thyroid therapy. 

CONCLUSIONS 

Chondro-epiphysitis or juvenile osteo- 
chondritis is a misnomer. The characteristic 
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epiphj'seal picture is due to hj^pothyroid- 
ism and a consequent lack of the thyroid 
tissue differentiating factor. “Osteochon- 
dreal hypothyroidism” is a term suggested 
because we believe these changes are 
pathognomonic of hypothyroidism in the 
same manner as a definite retardation in 
osseous development. Basic treatment, 
therefore, is adequate thyroid therapy. 
Orthopedic procedures are secondar3’^ or 
adjunctive. 
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From the pathologic point of view the bosselated type of goiter is dis- 
tinctive because organic changes are expressed in terms of acinal h3'per- 
plasia and onlj"^ incidental!}' in epithelial hj'perplasia. This is the important 
point, not the fact that they have bosselations. 



BONE DRILLING IN RESISTANT CHRONIC ULCERS 

A NEW PRINCIPLE 
Fred H. Albee, m.d. 

NEW YORK, NEW YORK, AND VENICE, FLORIDA 


O F all types of ulcers, this communica- 
tion will deal only with those that 
never produce any real, satisfactory 
granulations on the ulcer bed, but continue 
after long periods of time to have a dirty 
grey or yellow glistening base. The more 
resistant of these are those that develop 
excessively thick, dense peripheral scars, 
the removal of which carries one down to 
bone. They are still more resistant to 
repair if the lesion has edema in the periph- 
ery of the ulcer base. 

There are many of these cases situated 
on the leg which receive conservative 
treatment for months or years with little, 
if am-, benefit. They not only fail to 
respond to treatment, but increase in size 
and extent until the patient may be 
reduced to invalidism. 

In such cases, the potentiality to heal is 
practically lost. The nature of the original 
infection may be such as to prevent, 
positively, the initiation of processes which 
lead to healing. The original specific 
infection may be knovm, as in tuberculous 
ulcer, or unknown. 

All such cases have been heretofore very 
resistant to the surgeon’s efforts, or to 
other treatment over long periods of time. 
While the tissues in and about the ulcer are 
making strenuous attempts to destroy the 
injurious agent, changes in the vessel Avail 
and the connective tissues about them may 
become so extensh^e that CA^en AA-hen the 
primary causath'e factor has been entirely 
remoA’ed, healing cannot take place. 

In cases of this type the AA’alls of the 
A'essels may gradually thicken until they 
become incapable of supplying nutrition to 
the healing process. As this continues the 
blood A'essels may become almost entirely 
obliterated. The unfciA’-orable conditions 


brought about by the local changes in the 
blood A'essels Just enumerated may be still 
further complicated by other factors, espe- 
cially changes in the nearby circulation, as 
is so frequently obserA’^ed in A'-aricose 
ulcers. In this instance the stasis of the 
general surrounding A^enous circulation 
may produce such a stagnation that heal- 
ing is entirely preA'ented. 

The relation of blood A’^essel AA^alls and 
connectu'e tissue A’-aries. In the sIoAA^Iy 
dcA'eloping granulations, connectwe tissue 
existing betAA-een the blood A'essels ma}^ 
predominate and the final result may be 
the formation of fibrotic nodules. In this 
AA'ay, the ulcer becomes completely sur- 
rounded by a keloid-like border. Blood 
A^essel Avails become so thick that their 
lumina are practically obliterated, the ulcer 
becomes permanent because all nutriment 
is shut off and healing aauII not commence 
until a neAA' blood supply is established 
AATich, AAuthout appropriate surgical inter- 
A’^ention, is impossible. 

These conditions are particularly aa^cII 
illustrated in the type of ulcers reported in 
this communication. In such cases, AA'hen 
the base of the ulcer is attached to under- 
lying bone, it is obAuousIy necessary to 
proAude a neAv bed, if healing is to take 
place or skin grafting is contemplated. 

In the past, the profession in general has 
recognized this need of establishing neAA^ 
circulation and to accomplish this has 
resorted to excision of the entire border of 
the ulcer or has made numerous cross 
incisions through the base of the ulcer and 
Avell into the surrounding soft parts, thus 
hoping to stimulate blood A^essels to reach the 
base of the ulcer from surrounding tissues 

The ulcer may finally heal, after such 
operative AA^ork and many months of 
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strenuous treatment, including retention of 
patient with elevation of limb in bed, but 
the resultant covering epithelium is likelj'^ 
to be irregular and the corium poorly 
developed with underlying dense fibrous 
tissue with thick blood vessel walls and a 
varying amount of cellular infiltration. 
Healing of this character is imperfect and 
if there is ever the slightest traumatism or 
unfavorable circulatory condition the new 
formation of skin is likely to break down 
again and the ulcer recur. 

These unfavorable conditions are much 
more likely to result where the blood suppl}*^ 
to the ulcerated skin is cut olf by lying 
dose upon bony tissue. Ulcers situated in 
regions where the bone is superficial are 
notoriously resistant to all types of treat- 
ment heretofore applied This is particu- 
larly true of the lower portion of the tibia 
where there is added the unfavorable 
influence of dependency. 

It has been accepted by all that a dis- 
turbance in circulation is a common factor 
in both the causation and the persistence of 
ulcers. One of the most frequent examples 
of this is the venous congestion of the lower 
leg associated with varicose ulcers. This is 
undoubtedly the chief causative factor. 
There is an associated edema due to the 
imperfectly aerated blood in contact with 
blood vessel walls making this more 
readily penetrable to serum. The capillary 
circulation is influenced and lack of nutri- 
tion to the tissues follows. The ultimate 
result is a failure to produce healthy 
granulation tissue. The arterial walls may 
undergo hyaline degeneration which may 
finally result in obliterative endarteritis. 
The result is a granulation tissue, the blood 
vessels of which have thick, fibrous walls 
not capable of providing nutrition for a 
healthy healing process. 

To quote Dr. Arthur E. Hertzler, “This 
vascular embarrassment is apt to be more 
pronounced in areas in which the tissue is 
sparse of vessels as that over the tibial 
crest, and for the same reason the asso- 
ciated infection is more apt to be intensive 
and add its burden to the healing process. 


While the foregoing remarks apply to the 
ubiquitous varicose ulcers of the leg the}'’ 
may become the dominant factor even in 
the specific ulcer, particularly tuberculosis 
and blastomycosis after the disease has 
existed for a long time.” 

A perusal of the literature will convince 
any one that the surgical methods used to 
overcome such outstanding vascular inade- 
quacy have not been sufficient. They have 
consisted, in brief, of rimming the ulcer of 
its indurated border with scalpel, curetting 
the base of the ulcer or radical incisions 
through the ulcer extending into its sur- 
rounding soft parts, the hope being that in 
time blood vessels will be stimulated to 
reach the desired center of the ulcer which 
is essential to new healthy granulations. 

As has been the case too frequently, 
particular!}' in bone graft surgery, the 
surgeon has not paid sufficient attention to 
biophysiology or anatomy and has not 
realized that of all the blood supply coming 
to bone 75 per cent of it comes via the 
interior or the marrow of the bone, whereas 
only 25 per cent of it comes via the pe- 
riphery or periosteum. 

With these facts established, there would 
seem to be no chance for argument that if 
it is possible to tap the rich reser\'’oir of 
blood under the ulcer base, in the center of 
the bone, this, above all others, is the objec- 
tive for which to strive. 

If a priori reasoning has ever come 
through, it has in this instance, because 
when the bone cortex beneath the ulcer 
base has been drilled sufficiently to the 
center of the bone, to allow blood to well up 
there has always been an unusually prompt 
appearance of healthy granulations and 
healing of the ulcer as demonstrated by the 
nineteen cases herein reported. 

This has been found true in ulcers due to 
trauma, osteomyelitis, inadequate blood 
supply, due to local changes and to vari- 
cosities; phlebitis; neurogenic or trophic 
disturbances, deficiency in nutrition and 
ergot poisoning. 

The surgical technic of such procedure 
is extremely simple. The leg is prepared as 
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it would be for any aseptic operation, 
shaved, any dead skin around the periphery 
and ulcer carefully removed and tincture of 
iodine preparation completed. At opera- 
tion, an excess of tincture of iodine 3} .> per 
cent is applied. As a last preparatory step, 
the ulcer is filled with 3^ 2 cent tincture 
of iodine. The indurated border of the ulcer 
is removed by a small, sharp scalpel. The 
base of the ulcer is thoroughly curetted and 
an additional coating of tincture of iodine 
is applied. With a small motor drill (T',' inch 
in diameter) multiple drill holes arc made 
through the underlying bone cortex sufii- 
ciently deep that blood wells up. This is 
always the criterion. The ooze soon stops 
from pressure of a gauze pad directly over 
the ulcer. The wound is then dressed with 
a gauze dressing saturated with parallin 
90 per cent, vaseline 10 per cent, and in 
order to produce complete immobilization 
of the part when the ulcer is near a joint 
and fixation is desirable, a plaster of Paris 
cast is applied to the limb. If the lower part 
of the tibia is involved, the plaster is 
extended from the toes to the tubercle of 
the tibia. The patient is then returned to 
bed with Instructions that the operated leg 
be elevated to a degree of three pillows. 
The plaster of Paris cast is left on for a 
period of one week. Following this, fre- 
quent dressings arc done, using cither 
vaseline gauze according to Orr, or paraflin 
compound gauze. 

The profuse blood supply thus brought 
to the ulcer has achieved healing in over 
two-thirds of all patients operated upon. 
In the remaining one-third of these cases, 
the treatment resulted in a granulation bed 
very favorable to skin grafts and because 
of the size of the ulcer more rapid healing 
has been effected by their application. Skin 
grafts have taken most satisfactorily upon 
the favorable granulation bed thus af- 
forded. In no instance has there been deep 
infection from the drilling through the base 
of an ulcer. This, I believe, may be partly 
due to immersing of the drill in and the 
puddling of the ulcer base with tincture of 
iodine at the time the drill is thrust into the 


bone, and partly due to the care alwaj's to 
drill deep enough to tap the blood supply so 
that it profusely wells from the drill hole 
precisely as one milks blood from a hole in 
his finger when it has been pricked. 
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Slmmakv or Ninetecn Cases of Resistant 
Chronic Ulcers 
Qiuse of Ulcer No. of Cases 

Trauma 7 

Osteomyelitis 5 

Osteomyelitis (following compound 

fracture) 3 

Poliomyelitis (trophic disturbance). . . i 

Varicose ulcer i 

Varicose ulcer (phlebitis) i 

Ergot poisoning i 

Site of Ulcer No. of Cases 

Metatarsal i 

Os calsis I 


Femur i 

Fibula z 

Tibia 14 


Average duration of ulcer 4 years and 8 months 

Average length of healing time. . weeks 

SUMMARY 

The unusually satisfactory results enu- 
merated in detail in this communication 
are of particular gratification and interest 



Amcricaiii Joiirnn! of SurKt*ry 


Albec — Bone Drilling in Ulcers 


Dl Cl MDI It, 1941 


to me in that they illustrate the depend- 
ability of the principles of both physiology 
and biology when applied to surgical 
procedure. 

The plan of the above treatment was 
arrived at bj' me from extensive experience 
in reconstructive surgery where at the 
operating table over a period of thirty-five 
years, I have repeatedly proved that the 
essential requirement of all reconstructive 
work is to make way for the provision of an 
adequate blood supply. I have often made 
the statement that new bone formation is 


no more likely to occur than a masonry 
wall without brick and mortar with which 
to build it, no matter how skillful the 
mason may be. It was my theoretical 
deduction that if we could bring an ade- 
quate blood supply from the center of the 
bone, through the cortex, directly to the 
base of the ulcer, by every physiological 
and biological principle the ulcer should 
promptly heal. This has been proved as 
definitely as it has been proved that when 
an adequate blood supply’ is brought to a 
bone graft, it will survive and thrive. 


Diffuse toxic goiter is as distinctive in the clinic as in the laboratory-. 
It is characterized by vascular changes and a hard uniform gland. The 
patients show tremor, a rapid heart rate, and extreme loss in weight. In 
some there arc eye signs; these are the true cases of Basedow’s disease. 
The tendency is to run an acute course and to enter a remission after a 
period of months or years. 



THE DIFFERENTIAL DIAGNOSIS OF THE "PAINFUL HIP” 

IN CHILDHOOD 


Paul C. Colonna.. m.d. 

Professor of Orthopedic Surgery, University of Oklahoma School of Medicine 
OKLAHOMA CITY, OKLAHOMA 


T his title is chosen in order that the 
difFerential diagnosis of such a vague 
term as “painful hip” may be re- 
viewed. The term is not to be regarded as a 
diagnosis in any way but merely as a symp- 
tom. Formerly all children with the com- 
plaint of pain in the hip were rather loosel}' 
diagnosed as “tuberculosis of the hip,” but 
with more thorough history taking and 
examining acumen, aided by roentgeno- 
grams and laboratory data, other condi- 
tions have been revealed and- we should 
like to review some of them. 

For convenience of discussion we have 
divided the patients vith complaint of pain 
in the hip into three general groups: those 
of inflammator}’ origin, those of traumatic 
origin and the epiphyseal disturbances. 

I. INFLAMMATORY 

A large majority of hip affections in 
children are tuberculous, though tuber- 
culosis of the bones and joints has 
undoubtedly decreased in the past twenty- 
five years. This disease was originally seen 
in poorly nourished children; although 
today when cases are seen earlier, the 
condition is frequently encountered in 
robust looking individuals. Tuberculosis 
of the hip joint has been classified under 
many names: hip joint disease, morbus 
coxae, quiet hip, hip disease, etc. The 
condition is essentially one of early child- 
hood and the disease usually first appears 
in the bone near the metaphysis, while its 
chief manifestations are evidenced Muthin 
the joint proper. In 5,000 cases of tuber- 
culous disease, seven-eighths of the patients 
were less than fourteen years of age, and 
about 75 per cent were in the first decade of 
life. The disease is rare before the asie of 

O 


two, most of the cases occurring between 
the ages of three to ten j^ears. 

Very early recognition of the disease may 
be quite difficult. The hip joint is guarded 
and protected b}* the muscles surrounding 
it and to those sentinels of Nature we must 
look for earL*^ clinical evidence of the 
disease. Tuberculosis of the hip is not 
primarily painful. The child does not fre- 
quently complain of pain during the waking 
hours in the very early stages, but the 
so-called “night cries” are common and 
are often noted even though the patient 
makes no complaint of pain during his 
periods of activity. These night cries are 
produced by sudden movements of the 
joint while the patient is asleep and the 
muscles relaxed. A sharp spasm or contrac- 
tion of muscles ensue when the inflamed or 
diseased joint surfaces rub together. 

A careful and gentle physical examina- 
tion in the early stage may disclose only 
muscle spasm of the adductor muscles. 
Ne.xt to this earl}’^ muscle spasm the limp is 
the most important and constant sign of 
the disease, and it is a constant finding. The 
patient should always be stripped and 
placed in a good light while being examined 
and measured. Sometimes requesting the 
patient to run across the room may be the 
means of disclosing early an otherwise 
hidden limp, and a little later the character- 
istic clinical signs of limitation of motion in 
all directions, muscle atrophy and persist- 
ent flexion of the hip may be found. While 
the limb is initially held in slight abduction 
and outward rotation, the joint irritation 
will soon permit the strong adductor mus- 
cles to pull the hip into adduction and the 
limb will appear shorter than its opposite 
fellow. (Fig. I.) For this reason, the lower 
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extremities should always be measured in 
the line of deformity and with the pelvis 
level, in order to get the true shortening. 



Fig. I. Roentgenogram showing chamctcristic 
appearance of tuberculosis of the right hip 
joint, showing bone destruction of both head 
and acetabulum. Hip has been pulled into the 
characteristic attitude of a flexion and adduc- 
tion deformity. 

In summary, therefore, a chronic, mon- 
articular disease in earlj^ childhood, accom- 
panied fay limp, muscle spasm, muscle 
atrophy and limitation of motion in all 
directions, with or without the history of 
known injury, is quite suggestive of tuber- 
culosis. In the early case the roentgeno- 
grams are of little value in determining the 
diagnosis, but are of inestimable value in 
disclosing a nontuberculous lesion. Soon 
after, the bone atrophj^ with the blurred 
appearance of the joint in the roentgeno- 
gram and evidence of bone destruction, 
may be of great aid in confirming the 
physical signs of tuberculosis. The tuber- 
culin test is a very valuable test for young 
children. Also, aspiration of the abscess and 
its injection into a guinea pig may be useful 
in proving the suspected diagnosis. In a 
suspected case of tuberculosis when other 
data prove negative, a biopsy from the 
affected joint tissue may be taken. 

Bursitis. There are various bursae 
about the hip joint and one or more of 


these through injury or inflammation may 
become swollen. The greater trochanter 
region is frequently the site of bursal or 
osseous pathology and it may be tuber- 
culous in origin. One should always be 
suspicious of tuberculosis when there is 
inflammation of the bursa situated in the 
region of the greater trochanter. The limp 
and pain on certain movements of the hip 
joint that place strain on the bursal tissue, 
accompanied by local swelling of the bursa, 
are characteristic findings in bursitis. One 
may see an iliopectineal or iliopsoas 
bursitis with accompan3-ing muscle spasm 
and general limitation in joint movement, 
though this bursal inflammation is rarel}' 
tuberculous. 

Lumbar Pott's Disease. Lumbar Pott’s 
disease maj’ sometimes be confused with 
hip joint disease, but the limitation in 
movement is in extension of the hip and the 
other motions of the joint are unimpaired. 
This restriction of extension combined with 
rigidity of the lumbar spine, with or with- 
out lumbar kyphosis, should permit one to 
rule out disease of the hip joint per se. 

Inguinal Adenitis. The hip is slightly 
flexed but the locall}’^ enlarged and tender 
Ij'mph glands are an extra-articular source 
of irritation. It must be remembered that 
with inguinal adenitis the true hip joint 
motion, within a small amplitude, is never 
restricted in all directions. It is a principle 
that unless the lesion is intra-articular in 
character, passive motion is not restricted 
in ever}^ direction. 

Acute Poliomyelitis. There is, in the 
earlj'^ stages of this neuromuscular condi- 
tion, a sensitiveness of all the muscles with 
accompanying pain on movement but there 
is no regional muscle spasm, and the gen- 
eral sj'mptoms and laboratory findings are 
so distinctive that ordinarilj^ there is no 
difficulty whatsoever in its differential 
diagnosis. 

Infectious Arthritis. Another type of 
hip deformity caused by joint inflammation 
is that caused bj'^ the staphylococcus, 
streptococcus, gonococcus, etc., all of 
which can be grouped under nontuber- 
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culous arthritis of the hip joint. In this 
classification are included the epiphysitis 
of childhood, as well as the infectious 
arthritides. A swollen, painful fluctuating 
joint with a history of acute onset with or 
without trauma and usually accompanied 
by marked constitutional symptoms is 
characteristic of the acute type of infection 
involving the epiphysis and indicates 
prompt and decisive operative treatment. 
Occasionalh^ the viesenteric or pelvic lymph 
glands may be infected and give rise to the 
picture of an infection of the hip joint with 
its pain and soft tissue swelling. Pyelitis, 
appendicitis and perinephritic abscess have 
all been confused with tuberculosis of the 
hip joint, but a careful physical examina- 
tion combined with laborator\^ data are 
usually sufficiently conclusive to avoid 
confusion on this score. Infectious arthritis 
often monarticular and chronic, ma}’- arise 
from some focus of infection such as tonsils, 
sinuses, etc., and may require observation 
and study within the hospital to rule out 
completely an acid-fast infection. Roent- 
genograms, the sedimentation rate, the 
tuberculin reaction and the removal of 
obviously infected foci may all give indica- 
tions as to whether we are dealing with a 
tuberculous or nontuberculous infection. 

II. TRAUMATIC ORIGIN 

Traumatic Synovitis. This is a condition 
that should be considered whenever there 
is a history of a recent injury to the hip in 
young children. This most frequently oc- 
curs in children under eight years of age, 
manifesting itself by pain, limp and hip 
flexion deformity, while all movements of 
the joint may present some slight restric- 
tion to motion. In this condition there is 
marked tenderness in the groin over the 
joint with usually some muscle spasm. The 
roentgenographic changes, however, are 
negative for any bone injury or disease, and 
this traumatic synovitis is due entirely to 
injury to the synovial membrane with 
subsequent congestion and accumulation 
of joint fluid. Rest in bed with or without 


traction usuall}’^ suffices after a week or ten 
days to permit a return of joint function. 

Fracture of the Neck of the Femur. This 
fracture is not extremely rare in children, 
but undoubtedl}^ many cases do go un- 
recognized until joint deformity has devel- 
oped. The fracture is usually caused b^'^ 
severe direct violence to the individual, but 
it is very surprising how few symptoms 
some of these patients present. The author 
has had the opportunity of seeing over 
fifteen cases of fracture of the neck of the 
femur in children under ten years of age 
and this in children is in marked contrast to 
this fracture in the adult both as to the 
mode of onset and the disabilit}^ it produces 
in the adult. A child may complain of 
nothing striking as regards the immediate 
effect of an injur}^ and ma}*^ even be able 
to walk about with little discomfort. One 
case was seen three weeks after the fall. 
The patient complained of pain not in the 
hip but in the knee, and several roentgeno- 
grams had even been taken of the knee 
joint. On examination of this particular 
case the affected hip showed general 
restriction of motion, elevation of the 
trochanter above Nelaton’s line with short- 
ening and outward rotation of the limb. 

The roentgenogram may show a com- 
plete fracture of the neck of the femur but 
more often will disclose a green-stick frac- 
ture at the cervicotrochanteric junction. 
This has been called a “hinge-type” frac- 
ture, and being incomplete probably ac- 
counts for the mild degree of symptoms. 
If not corrected, this type of fracture will 
give rise to a marked coxa vara deformity, 
though nonunion in children should not be 
feared. Coxa vara nia}’- be caused in a 
variety of ways, only one of which is a 
fracture of the neck of the femur. This 
bending or softening of the bone producing 
coxa vara may be of inflammatory or 
traumatic origin so this distortion of the 
neck is usuallj* the result of a disproportion 
between the strength -of the supportive 
structures and the burden placed upon it. 
John C. Wilson has recently reported on 
the slow development of an aseptic necrosis 
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of the head of the femur following this 
fracture in children, and noted this two, 
three and four years after the fracture and 



Fig. 2. Roentgenogram of the left hip showing 
characteristic Legg-Perthe’s disease with flat- 
tening and fragmentation of the epiphysis, 
accompanied by thickening of the femoral neck. 

after apparentl}' good reduction. This, 
therefore, is a danger to be kept in mind 
and warned against. 

Bone Tumors. Rarely are malignant 
tumors of bone found involving the hip 
joint in children. Osteogenic sarcoma of the 
acetabulum occasionally is found. Pain, 
limp, and flexion deformity of the hip with 
joint limitation ma}' develop with a cyst in 
the upper portion of the femur or neck. A 
roentgenogram will, however, easily dis- 
close the bone changes that cause the 
symptoms and occasionall3'^ a fracture 
through the C3'st may be the first evidence 
of its presence. 

Growing Pains. This vague term is 
probabl3’’ due to muscle strain and rarely 
runs a chronic course or produces much dis- 
comfort. No real difFicuIt3^ in differentiating 
it from actual joint disease or injur3'^ should 
be encountered, although the symptoms 
ma3' resemble those of an infectious arthri- 
tis in its early stages. 


in. EPIPHYSEAL DISTURBANCES 
Coxa plana, Legg-Perthes’ disease, Per- 
thes’ disease, or osteochondritis deformans 
juvenilis, the latter term more clearly 
describing the pathological condition, was 
frequentl3'’ confused with tuberculosis of 
the hip before the introduction of the 
roentgenogram. Most authors agree that 
this condition is an aseptic necrosis of the 
head of the femur caused fay interference 
with its circulation. But others hold that it 
is related to disturbances of the glandular 
S3'stem even though there is ver3’ little 
proof to substantiate such a theor3L Clini- 
cally it closel3' resembles tuberculosis of 
the joint, although the prognosis is much 
better for ultimate joint function. It 
manifests itself by pain, limp, muscle 
spasm and atroph3y but in addition to its 
clinical course it presents a roentgeno- 
graphic picture distinct from tuberculosis. 
The roentgenogram shows a characteristic 
flattening or roughening of the upper 
epiph3'sis of the femur as though this 
portion of the bone had become softened 
and flattened from pressure. (Fig. 2.) The 
femoral neck is broader and there raa3' be a 
slight coxa vara present. Legg has described 
two forms of the disease, one presenting a 
so-called “capped” t3'pe of epiphysis and 
the other having a “mushroom” effect, and 
believes that the latter type offers a more 
favorable prognosis for the recover3'- of joint 
function. This condition is only found earl3'^ 
in childhood, rarel3'^ before four or after ten 
3fears of age. 

Epiphyseal Fracture. This slipping of 
the upper femoral epiph3fsis is a condition 
that ma3'^ develop without an3’’ trauma or 
apparently a slight injur3' and occurs in the 
pubert3'^ age group bet%veen eleven to fifteen 
usuali3L There is definitely a traumatic and 
nontraumatic t3’-pe, the latter being the 
most frequently seen in the fat, adolescent, 
Froelich t3'pe of individual. The injury 
causing it and the immediate disabilit}’- 
may be so slight that the condition may be 
unrecognized and treated for a long time 
as a “bruise of the hip.” The displacement 
of the upper femoral epiph3fsis is down- 
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ward and backward producing the signs 
and symptoms of limp with A*arying 
degrees of discomfort. (Fig. 3.) There is 



Fig. 3. Roentgenogram showing characteristic 
appearance of right slipped femoral epiphysis. 
Epiphysis has slipped downward and back- 
ward, which is the usual position the head 
assumes in the deformity. 

definite limitation of joint motion in 
internal rotation and abduction. The 
characteristic attitude is an adduction 
deformity with outward rotation of the 
limb and restriction of internal rotation by 
bone block and muscle spasm. It is very 


important to diagnose and properly treat 
these patients early in the pre-slipping 
stage if a restoration of normal function is 
to be obtained. The most satisfactor}"- 
method, we believe, is to reduce the slip- 
ping at the time by open operation on the 
hip and by graft, drill or pin, produce an 
early fusion of the capital epiphysis to the 
neck of the femur. This permits a restora- 
tion of joint function and prevents subse- 
quent slipping. 

CONCLUSIONS 

This brief resume in the differential 
diagnosis of the conditions to be found in 
children complaining of “pain in the hip” 
must necessarily be rather incomplete, but 
an effort has been made to stress the more 
commonly observed conditions in ortho- 
pedic practice. 

The need for careful history taking and 
physical examinations cannot be over- 
emphasized and an adherence to these basic 
principles will automatically eliminate cer- 
tain conditions. Added to these basic 
principles the use of good roentgenograms 
and various other laboratory aids, one can 
early and correctly make the differential 
diagnosis in the child who complains of 
“pain in the hip.” 
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T hat controversy exists on the sub- 
ject of primary lung carcinoma is well 
recognized. The consensus of opinion 
amongst most pathologists clings to the 
thought that lung carcinoma arises from 
the bronchial epithelium and that there is 
no epithelium lining the alveolus. The 
classification of lung carcinoma is varied 
and confusing. In the literature, one is 
impressed with the variations offered by 
pathologists and clinicians. While it is true 
that varied types may exist in one tumor 
and frequently are so found on the post- 
mortem table, the classification is still 
much to be desired. Metaplasia of bronchial 
epithelium has been found notably in 
bronchiectasis, in influenza, in chronic 
bronchial fistulae and in bronchial mucosa 
subjected to trauma. What role these 
morphologic changes play in the etiology 
of carcinogenesis and the phenomena of 
chronic irritation is still unsettled. Tuttle 
and Womack, in a study of seventy-six 
cases of primary bronchiectasis in adults of 
cancer age were able to find only one case 
which developed bronchogenic carcinoma.* 
It is conceded that benign tumors of the 
bronchi are rare, and that by far the greater 
number is malignant. There is still much 
controversy as to whether the so-called 
adenoma of the trachea or bronchus is 
benign or malignant. Chevalier L. Jackson 
has reported some of these tumors as 
benign adenoma, while Leddy and Moersch 
in a recent article found eight adenomas in 
the trachea and main stem bronchi which 
they classify as malignant.- The same 
authors report twenty-five cases of a group 


of 125 treated by roentgen irradiation, 
living from twelve to 147 months, and in 
this survival number of twenty-five, eight 
were adenomas. On the other hand, best 
surgical opinion believes in total pneu- 
monectomy and not lobectomx’^ for the 
best possible results for radical cure. Bold 
advances in surgery' and possible better 
technic in roentgen irradiation offer some 
ray of hope for the future to combat this 
deadly affliction and to overcome the 
present hopelessness as exists in the average 
case. 

Some thirty years ago, the medical 
profession entertained a unanimity of 
opinion and considered carcinoma of the 
lung as a hopeless disease, that its treat- 
ment was of little or no avail. In the earl}' 
days recognition of lung cancer during life 
was very rarely or not made at all and was 
labeled a postmortem curiosity. As one 
familiarizes himself with the increasing 
literature on the subject, he is impressed 
with the apparent hopelessness in a very 
high percentage of cases; or in other words, 
it is the exceptional case that escapes 
inevitable doom, and if it weathers the 
storm by operation will survive. Since 
Adler’s publication in 1912, the literature 
is increasing and for the past ten years, 
enough material has accumulated for the 
clinician to secure a very comprehensive 
foundation for a study of this disease.^ 
Because of its increasing frequency, it has 
ranked as a tumor of major importance, 
equalizing in occurrence carcinoma of the 
large bowel."* In fact, tumors of lesser 
consequence have received greater atten- 
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Fig. 1. 
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Fig. I. Case i. D. L., m.'ilc age fifty-two. History- of influenza November, 
i933» followed by pneumonia on left side and recovery. January, 1934, 
fractured anterior sixth to eighth ribs right side followed bj' pleurisy. 
Operation, March, 1934, for encapsulated pus pocket. April, 1934, had 
resection of eighth anterior rib for encapsulated empyema. Pleura con- 
siderably thickened and adherent to lung. Examination of lung revealed 
inflammatorj' tissue. M.ay, 1934, chronic empyema draining intermit- 
tently for eighteen months with bronchial fistula. January, 1936, second 
rib resection. Pleura incised, eax-ity found 5 by 2.5 cm. with smaller cavities 
surrounding larger one. Patient discharged with small draining fistula. 
A’-raj' taken March ig, 1934 

Fig. 2. Case i. D. L. Maj- iS, 1936. The patient gained forty pounds since 
discharge. Note scarring lung at right base. 

Fig. 3. Case i. Rcadmission June i, 1937. Note mass at right base. Re- 
currence of symptoms one month prior to admission. 

Fig. 4. Case i. Note extensive inx-olx'cment of tumor mass of lung along 
mediastinum and posterior upper and middle lobes. Patient died Septem- 
ber 21, 1 937. Autopsj' findings: (i) Extensive round cell carcinoma involving 
right main bronchus with extension to right middle and lower lobes. 
(2) Compression of mid portion of esophagus and superior and inferior 
x’ena cax’a by tumor mass. (3) Extensive metastases to right pulmonary 
hilus lymph-nodes, nodes of pancreas and spleen, duodenum, mesentery, 
peri-aortic and right axilla. (4) Fibrous obliteration right pleural cavity. 
(5) Edema of face. Lateral vie%\ taken June i, 1937. 


Fig. 2 


Fig. 4. 
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tion than lung carcinoma. It is said to 
comprise from 5 to 10 per cent of all 
carcinomas, and some writers even exceed 
these figures. In the Woodlawn Clinic and 
Hospital, the number of malignancies of 
all types from June 1, 1928, to June i, 1940, 
comprise a total of 815. In this series are 
found thirtj'-eight cases of primary bron- 
chial carcinoma, a percentage of 4.7. All 
suspicious and secondary tumors of the 
lung are excluded. In this total of thirt}'- 
eight cases, nineteen came to postmortem 
examination. Since some of the patients 
expired in other institutions, we are unable 
to secure sections for microscopical study 
in six cases. 

A biopsy of a gland was obtained in 
three cases. Bronchoscopy was performed 
in two cases. One patient came to operation 
in another hospital and expired. One 
patient was operated upon three times, 
first for an empyema, second for a subse- 
quent fistula and third because of a local- 
ized abscess which developed. Eighteen 
months later, this patient developed bron- 
chial carcinoma. (Case i.) (Figs, i, 2, 3 and 
4.) One patient was operated upon for a 
spinal cord tumor which proved to be 
metastatic. In one case, there was aspira- 
tion of the chest in which hemorrhagic 
fluid was obtained and which yielded 
cancer cells. In nineteen cases from the 
history, progress and Roentgen findings, 
we have considered these tumors primary 
carcinoma of the bronchus as our intimate 
studies of this group, render this diagnosis 
a justifiable one.®'® In this series thirty-two 
patients are dead, the outcome in five are 
unknown and one is still living. As our 
knowledge of the subject increases, it is 
apparent that by far the greater number of 
cases come to the physician late, at which 
time therapeutic measures are of no avail, 
surgery is out of the question, and the 
disease is so far advanced that the patient 
and family are often unaware of the critical 
condition. In this series of thirty-eight 
cases covering a period of twelve years, 
only two cases could be considered early 
and one of these patients refused any type 


of therapy. The other submitted to a 
pneumothorax prior to surgical removal 
but when the base of the lung was dis- 
covered adherent to the diaphragm, sur- 
gery had to be abandoned. (Case ii.) In 300 
cases that Graham studied only twenty- 
eight were considered early, again demon- 
strating that by far too many reach the 
ph3'sician in an advanced state. It is true 
that anj' ph^'sician familiar with the disease 
can recognize it bj' the history-, progress, 
phj'sical examination and a Roentgen 
studj'^ by a short series, in the greater 
number of cases.® Biopsy of a lymph 
gland, whether cervical, supra- or infra- 
clavicular, or axillarj-, or a node in the skin 
distant from the chest wall will sometimes 
yield the necessarj’^ information. Examina- 
tion of the pleural fluid or sputum for 
carcinoma cells or bits of tissue offers 
another avenue for diagnosis. A puncture 
aspiration directh^ into the tumor for 
histologic data has latelj' been advocated 
and has developed many adherents for this 
type of diagnosis, a method available 
wherein other measures are not possible to 
obtain." So far, there have been mentioned 
four avenues for a possible diagnosis: (i) 
tumor tissue in sputum, (2) pleural effu- 
sion, (3) gland or skin biopsy and (4) lung 
puncture. The fifth requires greater em- 
phasis, since in 70 to 75 per cent of cases, a 
diagnosis is made from tissue obtained fay 
faronchoscopic e.xamination. Graham con- 
cludes that 80 per cent of tumors causing 
faronchial ofastruction can be diagnosed fa}' 
bronchoscop}'.® In Arkin and Wagner’s 
series of 135 cases, onl}' thirteen were con- 
firmed by tissue removed fa}' bronchoscopj'. 
In the authors’ series of thirt3*-eight cases, 
onl}' two diagnoses were made fa}' broncho- 
scopy. In sixt}' cases studied fa}' Hochfaerg 
and Lederer," less than twenty-two had a 
faronchoscopic examination. (Diagnosis in 
twenty-two cases included bronchoscop}', 
biopsy of lymph-nodes or malignant cells in 
sputum and pleural fluid.) Jackson is of the 
opinion that seventy-five per cent of cases 
of bronchial carcinoma can be recognized 
fa}' bronchoscop34 and here it ma}- be perti- 
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nent to add that in some clinics and in some 
of the cases reported by the writers, 
patients presented themselves with far 
advanced disease. Occasionally, in the 
extra pulmonary cases, the lung tumor may 
have been small but the metastatic focus 
may have precipitated the symptoma- 
tolog}', thus tending to confuse the clinical 
picture.^ Another factor enters the prob- 
lem. Tumors of the major bronchi cause 
symptoms early, grow more slowly and are 
more amenable to treatment, whereas 
tumors at the periphery of the lung and 
smaller bronchi result in fewer early symp- 
toms; in this latter group, can be classified 
the so-called silent tumor which b\- its slow 

Table i 

METAST.\.SES SIX C.-VSES 

Cases 

Mediastinum 

Glands right hilum 

Pancreas 

Spleen 

Appendix 

Duodenum 

Mesenteric lymph-nodes 

Pcripancreatic lymph-nodes 

Periaortic lymph-nodes (3 cases) 

Right axillary lymph-nodes 

Glands — right and left hilum 


tracheobronchial 4 

Liver 4 

Heart 2 


Muscles of thigh, kidney, dura 

Dorsal and lumbar spine 

Skull 2 

Iliac bones 

Sacrum 

Ribs 

Bladder mucosa 

Skin 2 

Suprarenal 2 

Vaginal wall 

A'-RAY MET.AST.^SES 
No autopsy 

Ribs 

Pelvis 

Sacrum 

progressive growth, gives rise to symptoms 
or distant metastasis late in the disease. 
Hence, when seen in this stage, the disease 
becomes rapidly fatal. ^ Perhaps in no 

disease is the dissemination of metastases 
so widespread. No organ is exempt and 
metastases to the skin and bones are rela- 
tively common occurrences. A distant 
metastatic focus mav usher in the disease 


b}”^ symptomatology that leads the clini- 
cian away from the lung and one must be 
on the “alert” when these foci occur, to 
consider bronchial carcinoma as a possibil- 
ity. (Table i.) 

SYMPTOMATOLOGY 

No disease offers a more varied group of 
symptoms than bronchial carcinoma. The 
symptoms are as protean as the physical 
findings and in a great measure depend 
upon the location and extent of the tumor. 
From the outset it can be stated that there 
is no group of symptoms or physical signs 
which can be considered pathognomonic of 
the disease. It is a remarkable finding 
that many patients even in the advanced 
stage appear in good nutrition and one 
would never outwardly suspect malignant 
disease. Even in advanced disease in many 
instances the blood picture is little affected 
or unchanged. In the main, the symptoms 
are due to pressure and obstruction. It is 
perhaps essential to keep in mind two 
groups of symptoms: those due to path- 
ological changes in the lung and secondly, 
symptoms caused by a metastatic process 
distant from the lung. A small primary 
tumor in the lung may yield no chest symp- 
toms but symptoms may be caused by some 
distant metastatic focus which may com- 
plicate the clinical picture. Even a serial 
roentgenographic study of so short a period 
of three or four weeks denoting the progress 
and increase in size of the tumor will add to 
the greater probability that one is dealing 
with bronchogenic carcinoma. In fact, one 
plate taken during this period in several of 
the writers’ cases a month apart, strongl}" 
added to the suspicion of lung carcinoma. 
Here the roentgenologist may be of im- 
mense aid and at least fortify the suspicion 
of the clinician. We wish to emphasize that 
the combined teamwork of the clinician, 
bronchoscopist and radiologist offers the 
ideal setup for the best interests of the 
patient where teamwork is a routine in 
the various clinics. Even independently the 
radiologist can be of much aid and value, 
for frequently the first suspicion is sug- 
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gested by the x-ray. One should not slight 
a good history which in many cases can be 
considered the keynote for intensive addi- 
tional study to confirm the suspicion. 

Cough, chest pain and weakness are the 
leading symptoms in the greater number of 
cases. To this may be added blood-stained 
sputum, simulating tuberculosis, and pro- 
gressive increasing weakness. Loss of weight 
is another important factor in some cases. 
In our series these were the main symptoms 
in about one-half of our cases, cough head- 
ing the list in eighteen cases. Next, neuritis 
and pain from distant metastases occurred 
in seven cases. Two cases were ushered in 
by symptoms referable to the genitourinary 
tract, as dysuria and a mass in the vaginal 
wall of one year’s duration; the other case 
presented a distant mass in the lower right 
quadrant of the abdomen. Six cases had a 
massive pleural effusion which was hemor- 
rhagic; one case was an encapsulated 
effusion, the typical straw color being 
present that is so common in the average 
effusion. One case was introduced by symp- 
toms referable to the spinal cord: severe 
pain down both arms and between both 
shoulder blades due to metastases, extra- 
dural, and masses causing necrosis of the 
ribs and pressure but without cord metas- 
tasis. Two cases followed chronic inflamma- 
tion of the lung, and in the sequence of 
events that occurred later, were empyema, 
fistula, lung abscess, recurrence of the 
fistula, then a lapse of eighteen months — in 
which period the patient gained forty 
pounds and looked well — and finally the 
appearance of an extensive carcinoma. The 
original pathology was several fractured 
ribs which happened in a motorcycle colli- 
sion. (Case I.) (Figs, i, 2, 3 and 4.) The 
other bronchial carcinoma developed after 
pneumonia followed by pleural effusion, 
resolution and a persistent hard unyielding 
cough covering a period of over a year. 
(Case II.) (Figs. 5, 6, 7, 8, 9, lo and ii.) 
One other case, a man of sixty-two came to 
his doctor with severe low back pain. Upon 
x-ray examination, an area of bone destruc- 
tion was found in the ilium and sacrum. A 


lung plate revealed a mass suspected as 
bronchogenic carcinoma which was verified 
later on postmortem examination. At no 
time in the course of this patient’s illness 
was complaint made of symptoms referable 
to the chest. 

Perhaps the main group of cases may 
classify their symptomatology as due to 
pressure and obstruction. While it is true 
that cough, dyspnea, blood-stained sputum 
and chest pain form a composite suspicious 
picture of bronchial carcinoma, an under- 
standing of the relation of symptoms to 
lesions will simplify the clinical picture. 
Due to a growth in the bronchus, the cough 
is first irritating and persistent. If ulcera- 
tion occurs, the sputum becomes blood 
tinged. If a bronchus is occluded, atelecta- 
sis develops; and if a large bronchus is 
involved, the heart, trachea and medias- 
tinum are drawn to the affected side. The 
slow development of atelectasis is con- 
sidered an important sign of bronchial 
carcinoma brought out very dramatically 
by roentgen examination. According to 
Chevalier Jackson, comparable to valve 
mechanism, there are three types of ob- 
struction: (i) complete or stop-valve ob- 
struction, resulting in no entrance or no 
exit of air into a tributary of lung and 
causing a slow atelectasis from the absorp- 
tion of the contained air; (2) by-pass valve 
obstruction in which a lessened amount of 
air passes in and out of the lung, and (3) 
check-valve obstruction, in which air can 
pass only one way, either in or out, rapidly 
causing atelectasis or emphysema, as the 
case may be. A mobile tumor protruding 
and flapping in a bronchus or viscid 
secretion maj'- form a ball- valve mechanism 
causing this latter type of obstruction. 
Atelectasis maj^ also result from pressure of 
the growth surrounding the bronchus. 
Collapsed lung and tumor at times appear 
as one dense shadow and frequently are 
thus interpreted as tumor shadow alone.®-” 
Pressure on neighboring organs or struc- 
tures may cause symptoms referable to the 
part involved. Pressure on the esophagus 
maj- cause dysphagia, on the trachea 
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Fig. 5. Case ii. G. A. S., male age forty-five. Admission to WoodIa3sn Clinic 
April 26, 193S. History of pneumonia in spring of 1937 followed by chest 
pain and constant unyielding unproductive cough with slight remissions 
of seven months’ duration. A-rays of Figures 5 and 6 were brought into 
clinic by patient. Note tumor mass in upper portion of left lower lobe; taken 
October 9, 1937; left lateral view. 

Fig. 6. Case ii. lipiodol study. Note irregular distribution in left lobe (upper 
and middle portions). (Print made from \-raj- brought by patient.) 
Taken November 30, 1937- 

Fig. 7. Case II. A'-ray taken day of admission to Woodlaw n Clinic April 26, 
193S. Note tumor mass and area of atelectasis as one shadow, left lower 
lobe. Greater density at left hilum and “thinning out” toward outer 
zone of lung. Bronchoscopy about one month later revealed squamous 
cell carcinoma from aspirated fluid. 

Fig. S. Case 11. November 14, 1938, seven months later. Note pneumo- 
thorax left chest. Base of lung found adherent to pleura. Surgery had to 
be abandoned. 


Fig. 6 . 


Fig. 8. 
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stridor, on the recurrent laryngeal nerve, 
aphonia, on the cervical sympathetic, 
Horner’s sjmdrome.* In one of our cases, 



Fig. 9. Case ti. April ly, 1939. Note 
extensive growth of tumor in left 
lung. Patient died September, 1939. 


there was transient cyanosis and edema 
of the chest wall which occurred on arising 
and gradually disappeared at noontime, 
due to pressure of the tumor on the great 
vessels and release of pressure in the morn- 
ing. Dyspnea was a prominent symptom in 
ten of our cases. Whether this is of cardiac 
origin, due in some instances to the heart 
drawn over in atelectasis, causing interfer- 
ence in its action or elimination of a portion 
of the lung’s function by solid tumor, is 
debatable. Chest pain occurred in eight of 
our cases probably due to early involve- 
ment of the pleura followed by effusion — 
one of the main direct causes of dyspnea. 
Pain is also caused by pressure on nerves 
or bone metastases of the thoracic cage or 
skeleton. Four cases had a pronounced 
brachial neuritis, severe pain down the 
entire length of one arm, from pressure of 
metastatic nodules. (Table ii.) 

Fever is a common symptom and as a 
rule occurs when the tumor breaks down 
and disintegrates; there is invariably con- 

* Horner’s syndrome may consist of the following 
phenomena: ptosis of the upper lid, myosis, anidrosis, 
enopthalmos and paralysis of one or more of the vocal 
cords or of the diaphragm. 


tamination with secondary organisms and 
leucocytosis may develop. With partial 
regression of the infection, the fever may 



Fig. 10. Case ii. Squamous cell carcinoma — low 
power magnification. X 100. fCourtesy Dr. 
A. C. Strunk.) 


disappear and the patient may enjoy a 
temporary respite and feel better. This 
transient improvement may lead the ph3'si- 
cian astray, thinking that he is dealing 
with infection of the lung and not with 
tumor. This cycle of events is not uncom- 

Table II 

LEADING SYMPTOMS THIRTi’-glCHT CASES 


1. Cough 18 

2. Blood stained sputum S 

3. Chest pain 8 

4. Dyspnea 10 

5. Loss of weight 8 

6. Weakness 13 

7. Neuritis (brachial) 4 

8. Distant metastasis-sacral pain 3 

9. Genitourinary symptoms .... 2 

10. Vaginal mass i 

11. Chronic inflammation (lungs.) . 3 

12. Mass R. L. Q i 


mon in some cases as there is a recurrence 
of symptoms, and the patient is again 
troubled with a renewal of symptoms and 
increasing weakness. (Case ii.) Tubercu- 
losis may -simulate the tumor in this stage. 
If the tumor breaks down and establishes a 
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fistula leading to a bronchus, it may easily i. The tumor is in close proximity to 
simulate lung abscess from which it niaj’’ be the visceral pleura which it invades causing 
very difficult to differentiate. Cough is an effusion. (About 50 per cent are 
troublesome at this time and expectoration hemorrhagic.) 



Fig. II. Case n. Squamous cell carcinoma. High poner. Note 
stratified pavement arrangement of cells. Figures lo and ii cour- 
tesy' of Dr. A. C Strunk. X 44o- 


is profuse. A purulent bronchitis may 
supervene and the breath becomes foul. 
The sputum will yield bits of necrotic 
tissue and cancer cells and a diagnosis ma\’ 
be established. Usually when this stage has 
been reached, the tumor is advanced and if 
the diaphragm or pleura are involved, 
surgery is useless. 

ANATOMIC SITES IN RELATION TO 
SYMPTOMS 

For a better understanding of bronchial 
carcinoma an anatomic survey of location 
of the tumor in relation to symptoms, 
affords a very comprehensive background, 
simplyfying the pathological and clinical 
aspects. We are indebted to Churchill in 
Christopher’s Textbook of Surgery for this 
all-inclusive study. Referring to diagram 
I, the numbers represent the location of the 
tumor. It must be remembered that this 
diagram does not embrace all the aspects of 
bronchial carcinoma but covers the greater 
number of lung tumors. Differences from 
this survey are encountered and are to be 
expected from an entity which manifests so 
many variations: 


2. The tumor is in the outer zone of 
lung, begins in smaller terminal bronchus 
or may be silent or accidentally discovered 
by .Y-ray. This t3fpe because of its fever 
earl}’ symptoms is rapidly fatal. (Silent 
tumor.) 

3. Tumor here usuall}’^ results in occlu- 
sion of sizeable bronchus — tributar}^ of lung 
becomes atelectatic and “drowned” b\’ 
bronchial secretions. Bronchi ma}'^ dilate 
and with bacterial invasion form lung 
abscess. 

4. The tumor in the apex ma}’ invade 
adjacent structures; (so-called superior 
sulcus tumor of Pancoast) causing (a) 
paralj^sis of s^mipathetic trunk resulting in 
Horner’s s^mdrome, (b) invasion of first 
dorsal trunk of brachial plexus giving pain 
referred to arm. A tumor ma}’ not be 
detected earljL This occurred in one of our 
cases. The patient was treated for man}^ 
months for neuritis, fmall}’ referred to 
clinic which on roentgen examination dis- 
closed caries of transverse processes, lower 
cervical spine and upper ribs from metas- 
tases of bronchial carcinoma. (Proven b}* 
autops}’.) 
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5. Primary tumor or metastatic deposit 10. Tumor invading esophagus produc- 
may cause paralysis of recurrent lar3’ngeal ing ulceration or obstruction. 
ner\^e or phrenic nerve on involved side. Man}' tumors as 1,2, 3, 4, 5, 6 and 9 



Diagram i. (From Christopher, Frederick. Te.\t Book of 
Surgerv, p. 931. Philadelphia, 1939. W. B. Saunders 
& Co.)' 


6. Tumor here obstructs large bron- 
chus, causes “wheeze” to patient and 
sibilant rales to examiner — sj'mptoms of 
foreign bodj', partial or complete — partial 
obstructive bronchus maj' cause obstruc- 
tive emphj'sema (trapping of air on 
expiration) ; .v-raj'S taken on full inspiration 
show densit}' and in full expiration reveal 
rarefaction. Recurring attacks of pneu- 
monitis punctuate historj'. 

7. Tumor causes ulceration of bronchial 
mucosa and gives rise to hemorrhages — 
diagnosis of tuberculosis should be ques- 
tioned in absence of negative sputum. 

8. Tumors undergo central necrosis 
with cavitation and establishment of bron- 
chial fistula, simulating lung abscess — ^maj' 
be difficult to differentiate. 

9. Tumor causes irritation of central 
portion of diaphragm giving typical phrenic 
ner^'e distribution as first sjTnptom. 


ma}' not be reached bj' bronchoscope, hence 
negative evidence does not exclude carci- 
noma.^- (Diagram i.) 

METHOD OF SPREAD — METASTASES 

Bronchial carcinoma spreads through the 
lungs and invades the regional IjTnph- 
nodes; this maj' occur through (i) the 
blood stream, (2) the Ij'mphatics and (3) 
extension through aspiration in the unin- 
volved or new portions of the affected lung. 
Dissemination of metastatic foci is exten- 
sive and widespread and involves man}' of 
the solid viscera besides the lungs, the 
brain, dura, skeleton, the vertebrae and 
skin. Nodes about the aorta, pancreas, 
spleen, liver and stomach are usually 
involved in widespread metastases. The 
heart, kidneys and suprarenals may like- 
vise be involved. In one of our cases, the 
muscles of the thigh showed metastatic 
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nodules. It has been stated, that if autopsy 
investigation presents tumors of the lung, 
brain and adrenals and the histolog}' 
reveals small round cells of the undiffer- 
entiated type, one need have no hesitation 
to diagnose primary carcinoma of the 
lung.^® Statistics seem to strengthen the 
fact that bronchogenic carcinoma gives rise 
much more frequently to metastases of the 
brain and adrenal than cancer elsewhere 
in the body. Not infrequently has a brain 
tumor been removed only to find later that 
it was metastatic and the primary seat was 
in the lung. Now everv brain tumor follows 
a procedure which routinely obtains a lung 
plate prior to surgery. (Table i.) (Diagram 
2.) 

PATHOLOGY 

Associated pathology may comprise the 
following as found in the material of thirty- 
eight cases. The pathological involvement 
of tumor to neighboring organs and struc- 
tures is included. 

T.^ble in 

.^SSOCtATED P.ATHOLOGY 

Atelectasis 

Emphysema right lung (obstructive) 

Thrombosis main branch pulmonarj' artery 

Hydrothorax 

Ascites 

Bronchiectasis 

Fibrous obliteration right pleural cavity 
Edema of tlie face 
Edema of the face and neck 
Active and chronic miliary tubercles 
Pneumonia — bronchopneumonia 
Lung abscess 

Table iv 

PATIlOLOGiaAL IX3'OL\'MENT OF TUMOR TO NEIGHBORING 
ORG.ANS AND STRUCTURES 

Compression of mid esophagus 

Superior and inferior vena cava by tumor mass 

Compression of tumor metastases on spinal cord 

Qinical obsen-ation 

Cyanosis and edema transient in one case 

Occurred on arising and disappearing toward noontime 

LOCATION OF TUMOR 

The location of the tumor was found in 
the right lung in twenty-one cases and 
in the left lung eight times. In two cases the 
tumor masses were so diffuse as to make it 


impossible for the pathologist to determine 
the site of the primary tumor. A hemor- 
rhagic effusion occurred in six cases, four on 



Di.agram 2. (From Christopher, Frederick. Text 
Book of Surgerj% p. 930. Philadelphia, 1939. 

W. B. Saunders & Co.) Tumor (i) giving 
rise to metastases to nodes about trachea and 
at bifurcation of bronchi. Metastases may 
occur bj”- way of K-mph, blood stream and by 
the aerogenous route, that is conve3'ed to a 
distant part of the lung bj"- cough, as at A, a 
secondarj- focus. Direct extension to medias- 
tinum is a common occurrence and there is 
frequent invasion of the pericardium, great 
vessels or heart and pericardium. Tumor (i) 
ma\' also serve as an example of the silent 
tumor, located in the outer zone of the lung 
which maj- give rise to metastases in the 
brain, adrenal kidney and masses in the 
omentum. Tumor (2) at base of right lung 
mat' e.xtend into liver. Tumor at (3) with 
extension to the pleura causes a pleural 
effusion (usualh' hemorrhagic) and from 
which “cancer cells” maj' be found. Metas- 
tases from this tumor maj- occur to axillarj' 
glands and to skeleton as humerus. 

the left side and two on the right. One 
encapsulated effusion was met in the right 
chest — straw colored fluid was present 
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which contained no cancer cells. In six of 
these cases, the effusion concealed tlie 
tumor and only after fluid was withdrawn 
could the nature of the tumor be deter- 
mined. The roentgen features will be 
described in the paragraph on roentgen 
findings. Below is the table on location of 
tumors and pleural effusions. 


Tablc V 

LOCATION 01 TLMOU — LOUIS lN\OL\rn 
TiimT\-ciGnT CAsrs 


1 

Right upper 

t j 

2 Left upper lobe 

Right upper lobe .md | 

, Left lower lobe 1 

left hilum j 

5 ^ Left hilum 1 

Right middle lobe i 

4 I 

Right hilum 

3 , 

Right lower lobe-left 1 


low er lobe 1 

t ' 1 1 

Right middle and right 

! 

lower lobe 1 

I 1 

Right lower lobe 

4 

Right lung 

1 ‘ * 

Diffuse 

2 r * 


Hemorrhagic Pleura! EfTusion 
Left 4. 

Right 2 

Encapsulated effusion right {straw 
colored! . i 

SEX AND AGE 

In the series of thirty-eight cases, there 
were twenty-eight males and ten females, a 
ratio of about 3 males to i female. Twent}-- 
one cases occurred in the fifth and sixth 
decades u’hich seemed to bear out the 

statistics in the literature. 


INCIDENCE AS TO SEX AND AGE 


i 

Decade 

] 

Male 

Female 

! 

Total 

Fourth 

6 

1 

3 

9 

Fifth 

10 

I ' 

I I 

Sixth 

1 1 

4 

'5 

Seventh j 

I 

2 

3 

i 

i 

28 

\ 10 

38 


ETIOLOGY 

From a study of the material, one is not 
able to place any definite facts or sugges- 
tions as to the probable etiology of bron- 
chogenic carcinoma. In the twenty-eight 


males, most of them were smokers as well 
as eight of the females. Arkin and Wagner 
found 98 per cent of their patients were 
chronic smokers. This may be a contribut- 
ing factor, but in addition, exhaust gases 
from automobiles, tar on roads, and chronic 
inflammation are others. Any chronic 
inflammatort' process of the lung can be 
considered a contributing factor. Inhala- 
tion of various dusts and radio-active sub- 
stances has also been found as contributing 
factors. The histologic changes of bronchial 
epithelium brought out by Tuttle and 
Womack, when this tissue has been sub- 
jected to trauma and chronic irritation, are 
of much interest. Whether hyperplastic and 
metaplastic changes are precursory steps in 
carcinogenesis open up an attractive field 
for investigation, but suffice ft to say that 
these morphologic changes do occur. These 
same authors in a study of seventy-six cases 
of bronchiectasis were only able to find two 
cases of bronchogenic carcinoma. What 
role syphilis or tuberculosis may play in the 
etiology of cancer is not knovm, but as a 
whole, these diseases do occur in associa- 
tion with carcinoma. Jaffe in a study of one 
hundred cases found 20 per cent of carci- 
noma associated with anatomic or serologic 
evidence of syphilis which is rather high 
compared to the statistics of other authors. 
This high incidence of S3’philis in lung 
carcinoma maj' be due to the high per- 
centage of colored patients in Cook County 
Clinic. Active tuberculosis is mentioned as 
an infrequent finding associated with lung 
carcinoma. 

Grosslj’^ three forms are recognized b}' 
pathologists; (i) The hilus form which 
Boj'd believes constitutes 90 per cent of all 
tumors; (2) the miliarj' form wTich re- 
sembles metastasis from a distant focus and 
also resembles miliarj' tuberculosis, and 
(3) the diffuse form w’hich maj- involve a 
part or an entire lobe or a whole lung and 
closely’- resembles pneumonic consolidation. 

MICROSCOPIC PATHOLOGY 

There is much confusion among pa- 
thologists as to the classification of bron- 
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chogcnic carcinoma. Recent authors have 
demonstrated that the so-called round cell, 
oat and spindle cell carcinomas unques- 
tionably' arise from the bronchial epi- 
thelium. The majority of pathologists 
concede that most of the tumors arising 
in the bronchus are malignant and that 
benign tumors are extremely rare. Prevail- 
ing opinion seems to be that carcinoma 
arises from the bronchial epithelium since 
there is no epithelium lining the alveolus. 
Most pathologists ofl'er this classification: 
(i) squamous, (2) adeno-carcinoma and (3) 
small cell type, oat or fusiform. Many 
variations from these three have been 
recorded but by far the greater number fall 
into these three groups. 

The following data reveal the micro- 
scopic findings from three sources. 

JAFFE** too CASES (POSTMORTEM) 

3 1 round cell (undilTerentiatod) 

28 squamous 
24 adenocarcinoma 
88 oat cell carcinoma 

4 carcinoma simplex 

2 scirrhus carcinoma 

3 goblet cell carcinoma 

KOLETSKY'^ loo CASES (POSTMORTEM) 

35 small cell carcinoma 
40 squamous 
22 adenocarcinoma 

3 carcinoma simplex 

WOODLAWN CLINIC ip CASES (POSTMORTEM) 

7 squamous carcinoma 

1 round cell carcinoma 

2 alveolar carcinoma 

1 mixed cell carcinoma 

6 no microscopic obtainable 

1 adenocarcinoma 

1 medullary carcinoma 

Many authors agree that the grading 
of bronchogenic carcinoma on histologic 
grounds is of little practical value. These 
types of tumors do not differ in their gross 
appearance neither are there any appreci- 
able difl'erences as to the duration of life 
or extent of metastases.^ ’ Graham classi- 
fies them into two large groups: 65 per cent 
squamous and 35 per cent mixed.* He 
believes that the mixed type in a young 
person is potentially malignant, and for 
the best prognosis favors early removal of 
the lung. .^rkinandW agner believe that the 


squamous type is less malignant than other 
forms and ofl'ers the best prognosis for 
early surgical removal, although six of 
their eighteen cases, had brain metastases. 
The squamous type presented metastases 
in the liver, kidney and adrenals, one third 
as less frequent as in the other forms.* 
Because of its comparatively slow growth, 
the squamous cell type ofl'ers the best 
prognosis for early surgical removal. Many 
authors in the recent literature hold a 
similar opinion. 

ROENTGEN FINDINGS 

As a primary requisite, it must be 
emphasized that there are no roentgen- 
ologic findings characteristic or path- 
ognomic of bronchial carcinoma. What 
then are the criteria which may guide the 
roentgenologist or clinician? The writers 
have previously stated that the teamwork 
of the clinician, bronchoscopist and roent- 
genologist best serve the patient for a 
proper diagnosis. In order of first impor- 
tance may be considered a unilateral 
shadow at the hilum which is not due to 
increased vascular markings and whose 
border may be well circumscribed or fades 
into the parenchyma as a “feathery” 
cloudy density. This shadow is considered 
one of the earliest signs of bronchial hllus 
carcinoma and ma}' be due in some measure 
to invasion in and surrounding the bron- 
chus. Next in Importance is atelectasis due 
to partial or complete bronchial obstruc- 
tion, whether caused by invasion of the 
lumen or by peribronchial pressure of the 
invading tumor. The atelectatic area may 
involve part or the whole lobe or the entire 
lung, depending primarily on the degree of 
stenosis, the location and extent of the site 
of obstruction. The resulting collapse of the 
involved lung area, displaces the heart, 
trachea and mediastinum to the affected 
side. The imprisoned air, as previously 
described, undergoes slow absorption, and 
there ensues local edema. If secondary 
infection occurs, multiple small abscess 
cavities develop, resembling localized bron- 
chiectasis. Usually, the atelectatic lung is 
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roughly triangular in shape and if small 
may possess a well defined dense border. As 
the tumor grows, the bronchial u'all is 



Fig. 12. Case hi. R. B. P., male age 
forty-two. Nervousness and irrita- 
bility for one j'ear. The patient was 
admitted to Woodlawn Hospital 
October n, 1937. He had pain in 
the left chest of a neuralgic type, 
rather severe one week prior to 
admission. Slight cough was present. 

Fluid in left pleural cavity masks 
tumor. Note heart in normal posi- 
tion. Aspirated fluid, hemorrhagic. 

perforated and invades the parenchyma. 
Eventually, large areas of infiltration cause 
consolidation of part or the entire lobe or 
lung and are visualized as dense massive 
shadows. The periphereal type of tumor 
occurring in the smaller terminal bronchi 
and distant from the hilum (at times, the 
so-called silent tumor) may or may not 
be associated with atelectasis. By its slow 
growth it is apt to cause fewer earlj-^ 
symptoms and usually is first encountered 
in an advanced stage. If part necrosis of 
the tumor does occur, small cavities 
develop and with bacterial invasion, bron- 
chiectasis follows; coalition of the cavities 
gives rise to the formation of lung abscess. 
With the tumor in an advanced stage, it 
is frequently impossible to decide whether 
the type is peripheral or central. Secondary 
processes render it more difficult to differ- 
entiate basic pathological changes. The 


table of associated pathology represents 
the findings in our series of thirty-eight 
cases. 

A few remarks in relation to pleural 
effusion should not be omitted. Jaffe in 
one hundred cases encountered forty-three 
with pleural effusion. The character of the 
exudate was as follows: serous, fourteen 
cases; hemorrhagic, thirteen cases; sup- 
purative, twelve cases; fibrinous, four 
cases. In addition, there were twenty-six 
cases of partial and twenty-three cases of 
complete obliteration of the pleural cavity. 
Only eight cases revealed no pleural 
changes.^'* Our series of thirty-eight cases 
demonstrated six hemorrhagic pleural and 
one encapsulated (straw colored) effusions. 
The tumor may be concealed b}’’ the effu- 
sion and it is our policy to radiograph the 
chest as soon as possible after removal of 
the fluid on account of rapid reaccumula- 
tion. In several of our cases the fluid did 
not cause displacement of the heart even 
though large effusions of 1 500 cc. and over 
were obtained. (Case in. Fig. 12.) This 
finding has puzzled us and so far we have 
been able to offer no satisfactory explana- 
tion. However, it has made us consider 
lung malignancy as a possibility when 
this phenomenon occurs. We also believe 
injection of air (at least 200 cc.) after 
aspiration is a good procedure to follow 
as it makes the tumor outline more 
visible. (Case iii, Fig. 12.) 

CONCLUSIONS 

Primary cancer of the lung still remains a 
problem both as to early diagnosis and 
treatment. By far too many cases are first 
seen when the tumor is ivell advanced. The 
solution of the problem is for early diag- 
nosis and is similar in scope to the entire 
cancer situation; namely, education of the 
public, and an earnest attempt by the 
physician to recognize the condition in its 
earliest stages. The writers are impressed 
reviewing the literature with the apparent 
hopelessness of the disease, but one can 
become “cancer conscious” especially in an 
adult over forty who presents leading 
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symptoms such as chronic cough and 
bronchial obstruction, chest pain, dyspnea, 
and so forth, in short, pulmonary symp- 
toms which may make carcinoma probable. 
One must not overlook similar symptoma- 
tology in tl\ose under forty that lung cancer 
may be present. And again, the symptoms 
and signs of distant metastases should be 
considered with the possibility that the 
primary tumor may exist in the lung. As 
clinicians, we are interested in the con- 
troversies of pathologists and research 
workers concerning morphological changes 
of tissues, primarily bronchial epithelium, 
and until this aspect is settled perhaps 
pathologists can come to some better 
understanding of histological classification. 
One cannot emphasize too strongly the 
greater need for early bronchoscopic ex- 
amination and measures to be taken for 
biopsy of a lymph-node, early exami- 
nation for cancer tissue or cells in pleural 
Iluid, sputum and from lung puncture. 
Lastly, .v-ray examination should be com- 
plete, thorough and repeated, especially if a 
suspicion exists. The therapeutic outlook 
is by no means hopeless. 

Chest surgeons today believe that lobec- 
tomy is inadequate and that the best 
results are obtained by a total pneumonec- 
tomy. Up to 1939, eighty-six pneumonec- 
tomies are recorded in the literature, 
resulting in thirty-one recoveries and fifty- 
five deaths, a mortality rate of 63.9 per 
cent.’" Some statistics of the later cases up 
to 1939 are as follows: Graham, a total of 
four cases, three deaths and one recovery, 
one patient living six years; Freelander, a 
total of five cases, with four deaths; one 
patient living three years; Ovcrholt. a total 
of eleven cases with three deaths; 2 patients 
living five years, one patient living four 
years and five living one year; Edwards, 
five cases, one death and four recoveries; 
Churchill, five cases, three recoveries, 
two deaths, one patient living over five 
vears and two living over three years; 
Ochsner, DeBakcy report nine cases, three 
recoveries and six deaths, one patient 
living three wars and 2 livini: one vear.’' 


Head of Chicago reports one pneumonec- 
tomy patient living one year and one 
lobectomy patient living two ycars.’^'Lcddy 
and Moersch report a scries of 125 patients 
treated with roentgen therapy and another 
group of 125 untreated.- All were proved 
cases of bronchogenic carcinoma. Of the 
125 patients treated by roentgen therapy, 
twenty-five are living over a period from 
twelve to 146 months. Of the twenty-live 
living patients, eight cases of adenocarci- 
noma were found as follows: one in the 
trachea, one in the left upjier lobe and two 
each in the right main bronchus, the right 
middle lobe and the right lower lobe, 
respectively. These tumors arc the so- 
called adenomas of the bronchi which has 
caused considerable controversy as to their 
malignancy. Jackson in a recent lecture 
described these tumors of the bronchi 
which he considered as benign adenoma.’* 
Recent bold advances in surgery and possi- 
bly greater improvement in roentgen irra- 
diation ofl’cr for the future a brighter out- 
look in the cure and alleviation of this 
serious disease. 

The writers wish to express their thanks to 
Drs. H. C Strunk. Jacob Myers, the late S C. 
Robinson, L. J. Brody, F. F Maple, \V. P. 
Curtis, and other members of the \\’oodla\Mi 
Mospital staff for use of their material and kind 
assistance. 
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To the opcnitinp siirjjcon the situation of the thyroid jtlatu! is of prime 
interest. Tiie att.'icliment is .“lo intimate that uhen the larynx rises in tlie 
act of dcftlutition tlic tltyroid jtiand folimv.s. 't'et there is a Layer of connec- 
tive tissue lying between the thyroid gland and the larvn.x siifiicicnt to 
make it possible to dissect the former from the latter without the lea.st 
danger of injury to either. 



PATHOLOGY OF APPENDICEAL STUMP 
WITH SUGGESTIONS FOR PROPHYLAXIS 


V. L. SCHRAGER, M.D. 
CHICAGO, ILLINOIS 


ALTHOUGH the prime object of this 
article is to report specific cases of 
pathology of the stump and to sug- 
gest prophylactic measures against such 
occurrence, I should like to enumerate the 
historical and controversial facts connected 
with the management of the appendiceal 
stump. 

Historical. The early operations con- 
sisted in mere ligation of the stump. 
Kronlein, in 1886, advocated simple liga- 
tion. Treeves, in 1888, sutured the stump 
vhich he covered vith three Lembert 
sutures. Semi, in 1889, suggested inversion 
of the stump. Daivbarn, in 1895, invagi- 
nated the stump without ligation. Fowler 
made a peritoneal cuff for the stump. 
Lillienthal, in 1903, recommended simple 
ligation. Seelig, in 1904, likewise recom- 
mended simple ligation. Alton Ochsner, in 
1939, suggested inversion without ligation, 
insuring against hemorrhage by a hemo- 
static purse-string suture. 

METHODS IN THE MANAGEMENT OF 
APPENDICEAL STUMP 

A. Simple Ligation ivithout Inversion: 
Arguments in Its Favor. It was found that 
simple ligation is all that is necessary in 
most cases. In an analysis of 1,000 cases 
by J. F. Baldwin’^ this method was effec- 
tive. This procedure brings about good 
hemostasis. There is no infection, if the 
stump is properly cauterized (Seelig). 
Maloney- did not find either ileus or 
adhesions among 3,500 cases in which 
simple ligation was practiced. 

Argumeiits against This Practice. If the 
ligature should slip, there is the possibility 
of leakage with its consequences. Edebohls 
found in several instances infection origi- 
nating in the ligated stump. Ligation 


resulted in fecal fistula in several instances. 
Some observed postoperative adhesions, 
intestinal obstruction, blowout and sinus 
formation. 

B. Ligation oj Stump Plus Inversion: 
Arguments in Its Favor. A large number 
of clinical recoveries indicate that the 
method is safe. It is the method en vogue 
with the majority of American surgeons. 

Arguments agairist It. Since the cecal 
wall is only If 6 i^ich thick, it is possible for 
the needle to penetrate the wall and reach 
the lumen, thus infecting the suture. The 
suture may interfere with the blood suppR. 
Lexer observed cases of intestinal obstruc- 
tion following this technic. Kohler found 
postoperative adhesions at the site of 
inversion. Abscess in the wall of cecum was 
found by Bogetti and Robertson, path- 
ologist of the Mayo Clinic. Riedel noticed 
ulceration in the wall of cecum. Some cases 
resulted in fecal fistula. Many cases 
exhibited areas of inflammation of the 
cecal wall. Malone}’’ found foreign body 
tumor in the inversion area. Cecal divertic- 
uli were found by Bunto (three cases) and 
by J. Shelton Horsley. Ortner, taking 
.v-rays after appendectomy found that the 
barium appeared as a ring around the 
stump. Chas. H. Mayo,^ in 1934, attempted 
to summarize the whole situation and gave 
four reasons against this practice: (i) 
Robertson, pathologist of the Mayo Clinic, 
found at postmortem examinations pus 
pockets in the area of the inverted stump 
as late as twenty-one days postoperatively; 
(2) purse-string suture was invariably 
infected; (3) this procedure lengthens 
convalescence, and (4) he found no occa- 
sion to regret. 

C. Inversion oj Stump ivithout Ligation: 
Arguments in Its Favor. No dead space is 
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formed. There is chance for drainage of through the courtes}^ of Dr. F. M. SAdvester, 
infected material in lumen of the bowel. Oak Park, Illinois. 

Biirkle-de-le-Camp, reporting on 3,200 The patient was operated upon two years 



Fig. I. Shows the average histologic picture of appendiceal 
stump from cadavers which retains most of the histologic 
features of an appendix and is easily recognizable as such. 


cases from Lexer’s clinic found no post- 
operative necrosis, abscess, fecal fistula or 
hemorrhage. Alton Ochsner^ inverts the 
stump without ligation, but insures hemo- 
stasis b}- inserting a loop suture around the 
meso-appendix attachment to the colon, 
and b}”^ a purse-string suture in the cecum 
which includes an}" branch of the appen- 
diceal artery. There is no chance for infec- 
tion because the stump is inverted in the 
lumen instead of the cecal wall. 

Arguments against Its Use. The stump 
may open before inversion is completed. 
The purse-string suture may become con- 
taminated. There is the possibility of 
hemorrhage. Fowler^ observed an artery 
running longitudinally within the wall of 
the appendix, which is not tied in this 
procedure. 

CASE REPORTS 

C.ASE I. Peritonitis from Rupture of Old, In- 
fected Stump. I am enabled to report this case 


before for acute appendicitis. She made an 
uneventful recovery but exhibited after the 
operation a symptom complex which was sus- 
pected to be due to a duodenal ulcer for which 
she received medical treatment. When seen by 
Dr. Sylvester, two years after the original 
appendectom}', she had a stormy attack of 
severe abdominal pain referred chiefly to 
McBurney’s zone. There was localized tender- 
ness and temperature of ioi°f. Because of the 
previous history of duodenal ulcer and in the 
absence of the appendix, Dr. Sylvester thought 
that the clinical picture ma}- be explained on 
the basis of ruptured duodenal ulcer. The 
doctor made an S-shaped incision e.xtending 
upward tov ard the ribs and downward toward 
McBurney’s zone. To the great surprise of the 
surgeon, he found that the patient had a diffuse 
peritonitis due to infection and rupture of an 
old appendiceal stump. The patient was ade- 
quately drained, but four days later she died. 

Final Diagnosis: Peritonitis due to infection 
and rupture of an old appendiceal stump. 

C.ASE n. Large Mucocele in Cecal U all, 
Originating in Old Appendiceal Stump. This 
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male patient, age fifty, had an appendectomy tion and stated that the mass was a mucocele 
performed ten years, before entering the hospi- which originated in an old appendiceal stump, 
tal for the present operation. He was free from Pathological examination revealed the fol- 



Ftg. 2. Silows the continuity of the lumen of the appendix 
with that of the cecum. 


abdominal symptoms until three years ago 
when he noticed a swelling of the right groin, 
which was diagnosed inguinal hernia. From 
time to time he had pains in the groin referred 
to the abdomen but never had an acute ab- 
dominal complex. He entered the hit. Sinai 
Hospital, Chicago, for the repair of an inguinal 
hernia. 

Examination was essentially negative, except 
for some mental incoherence and evidence of 
premature senility with intellectual confusion. 
Physical examination revealed a white male 
with no particular physical defects or handi- 
caps, except a large right Inguinal hernia. The 
size of the mass did not conform to the physical 
characteristics of either direct or indirect 
inguinal hernia. The mass was bulky, had an 
irregular contour, and was reducible by a sort of 
invagination of the lower abdominal segment. 
The inguinal ring was somewhat tender to pres- 
sure, the tenderness extending in the right iliac 
fossa where a mass was felt which could not be 
definitely diagnosed. 

The operation revealed a right inguinal 
hernia of the sliding type, the outer aspect of 
the cecum being a part of the parietal peri- 
toneum. Externally to the cecum, but closely 
connected with it, there was a mass, soft in con- 
sistency and shaped like an adult testicle. This 
mass could not be separated from the cecum 
and was finally removed. One of the assistants 
who was not sufficiently familiar with the case 
thought that we were dealing with an un- 
descended testicle, a part of a sliding hernia. 

The pathologic report elucidated the sltua- 


lowlng: The specimen consists of a hernial sac 
measuring about loo by 90 mm. and up to 4 
mm. in thickness. The inner surface is grayish- 
pink and shows trabeculations. The outer 
surface shows a moderate amount of connective 
tissue. 

The specimen is a tensely filled sac measuring 
approximately 40 by 30 by 30 mm., the con- 
tents of which are a viscid, jelly-like fluid with 
some fat tissue suspended in it. In the all there 
is present a node measuring 15 mm. in its 
largest diameter, which has on secretion surface 
a grayish-white appearance. In another area 
there is present a small node which has a brown 
and hemorrhagic appearance. The inner surface 
of the sac is hemorrhagic with yellowish-bro\\ n 
deposits. 

The microscopic report was as follows: Sec- 
tions show in areas a dense connective tissue 
mixed with a pale blue, loose and edematous 
material containing fibroblasts and a few star- 
shaped cells in addition to many capillaries and 
blood vessels which are distended with blood. 
Old blood pigment and infiltrations with 
lymphocytes, plasma cells, neutrophilic and 
eosinophilic leucoc^'tes are present. Large and 
small calcified areas are present, of nondescript 
morphology, some of them surrounded by 
multinucleated foreign body giant cells. In 
areas the surface is lined with a tall, columnar 
epithelium with basal nuclei and a very 
abundant clear cytoplasm. In one area em- 
bedded in a very edematous connective tissue, 
which resembles somewhat the above described 
mucinous tissue, is a lumen surrounded by 
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glandular structures and lined by a tall colum- 
nar epithelium with lymph follicles and germi- 
nal centers. It has the appearance of the 
appendix. 

Diagnosis: Mernial sac with a chronically 
inOamed appendiceal mucocele. Chronic foreign 
body type inflammation. 

Case ui, Granulojna in Cecal Wall at Site oj 
Old Appendiceal Stump. (lUdcrred l>y Dr. 
Estelle Anis, Chicago.) The patient was a 
housewife, age twenty-two. She had an appen- 
dectomy performed two years previously and 
made an uneventful recovery. Ever since she 
complained of pain in the lower half of the 
abdomen with some \‘ague urinary symptoms. 
The pain was intense enough to consult a 
physician and seek relief at various times dur- 
ing the past two ycar.s. 

Physical examination was practically nega- 
tive c.xcept for definite tenderness in Mc- 
Burncy’s zone, especially on deep pressure. 
Although the diagnosis was not definite, the 
patient was persistent in her complaint and 
was anxious to undergo an exploratory opera- 
tion. At the time of the operation the findings 
were as follows: A knob, the size of a large 
cherry, was present in the cecum at the site of 
the inversion of the appendiceal stump in the 
wall of the cecum. Several omental flaps were 
pulling on the peritoneum, one of them lifting 
up the bladder. There was considerable mesen- 
teric adenitis. There was also an imperfect 
closure of the fascia. The omental flaps were 
separated from the peritoneum and bladder. 
The knob in the cecum was removed, which 
required the removal of a segment of the cecum. 
This was done by applying a light stomach 
clamp upon the cecum and the defect was 
repaired with two rows of suture. The peri- 
toneum was closed by making an ectropium, 
according to the suggestions of J. B. Murphy, 
in order to prevent adhesions. 

The laboratory findings were as follows: 
There was a fibrous nodule which bulges on to a 
pink-tan mucosal surface. The latter is speckled 
with hemorrhage in its lymph follicles. 

In paraffin sections stained with hematox3din 
and eosin the tissue in the appendiceal stump is 
t\q)ical of appendix and provided with a lining 
in which there are large mucous glands and 
large Ijmiph follicles with distinct germinal 
centers. About one-third of the muscle laj’^ers 
are replaced by fat and contain h-mphoc^-tic 
infiltration sparsely. The appendix-like material 


covers evcqvthing and rises as a short nubbin 
above the surrounding cecal tissue. Sections in 
two planes reveal the same changes. 

Diacno.'^is: Appendix stump. 

HISTOLOGIC SECTIO.N’S OF APPENDICEAL 
STU.MP FItO.M CADAVERS 

It occurred to me that if the stump re- 
tained the histologic pattern of the average 
appendix, .showing the presence of follicles, 
mucosal pattern and, above all, intact 
blood vessels, the stump was still viable. 
In other words, the individual was the 
possessor of a short appendiceal stump 
potentially capable of pathology. With this 
end in view, I have collected a series of 
appendiceal stumps from fresh cadavers 
who had appendectomies performed at 
various times in the past. This was made 
po-ssible by the help and courtesy of Dr. 
Alexander Ragins of the Pathologic De- 
partment of the Cook County Hospital, 
Chicago, His summary account of the 
histologic findings of these slides are as 
follows: 

Practically all slides show an early recog- 
nizable appendiceal stump represented by 
mucosal pattern, lymphoid follicles, blood 
vessels. The muscular coat most often is 
replaced by scar tissue. The proximal por- 
tion of the stump is seen merging into the 
cecal mucosa. In some instances the stump 
measures i to 2 cm. in length, while in 
others in which the appendiceal stump was 
very short, scar tissue replaced the short 
stump and in some instances exerts a puli 
upon the cecum, causing a slight, small, 
diverticulum. In short, most cadavers still 
possessed an appendiceal stump, which had 
all the earmarks of an appendi.x. 

The following illustrations are typical of 
many appendiceal stumps in cadavers, and 
Dr. A. Ragins has selected two typical 
patterns. 

SUGGESTIONS OF TECHNIC 

Whatever technical method may be used 
in appendectom)', it does not seem entirel}' 
logical to leave behind a stump which is a 
part of a pathologic organ. On the face of 
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it, it would seem more logical and thorough 
to remove the entire appendix. Dr. Joseph 
Price, of Philadelphia, once stated that he 
who leaves behind one-eighth of an inch of 
appendiceal stump has performed only 
seven-eighths of the operation. There is no 
doubt that an ideal state of affairs would 
call for a total and complete appendec- 
tomy. The fact that the surgical profession 
obtained clinical recoveries even though 
they left behind a stump, explains the lack 
of desire or incentive for changing what 
seems to be a satisfactory procedure. 

John B. Deaver,*"' evidently mindlul of 
this inadequate surgery, removed the 
appendix by extirpating a small segment of 
the cecum which he held between the 
thumb and index finger, after which the 
defect was repaired by two rows of sutures. 
This method was thorough enough, but 
could hardly be recommended to the 
“occasional operator,” as the cecum could 
slip between the surgeon’s fingers, thus 
soiling the field. He eventuallv abandoned 
this procedure and returned to the prevail- 
ing methods of dealing with the stump. 

Zeller' and Haggard^ removed the ap- 
pendix by cutting it flush with the cecum 
and subsequently repaired the defect in the 
bowel. 

If one should have an inclination in per- 
forming a total appendectomy, the follow- 
ing suggestions are made: 

The base of the appendix does not 
terminate abruptly at the cecum but often 
seems to run intramurally, thus deceiving 
the surgeon. I have followed the plan of 
dividing the peritoneal films which creep 
up upon the base of the appendix, and to 


ni}’ great surprise I have frequently found 
that I could obtain another half, three- 
quarters or even an inch of the appendix 
which I had not suspected. This procedure 
definitely brings out more of the appendix. 
If one wishes to go beyond this, one could 
apply a short, curved, rubber-covered 
intestinal clamp upon the cecum, thus 
removing the entire appendix and a small 
segment of the cecal wall. The protruding 
tissue be^’ond the clamp may be cut a^^'ay 
with curved scissors, the raw surface 
touched with iodine or cautery and finally 
the defect in the bowel closed according to 
the principles of intestinal surgery. If such 
procedure is used, it is advisable for the 
operating surgeon to change his gloves at 
this point and ask the assistants to wash 
their gloves thoroughly in running sterile 
water. 

I fully appreciate that this procedure 
transforms a comparatively simple technic 
into a more difficult and dangerous one, 
especially in the hands of the less experi- 
enced. Yet, I cannot help believe that the 
diseased appendix might be removed in 
toto, thus avoiding all the criticisms and 
occasional mishaps connected with leaving 
an appendiceal stump. 
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T his communication is concerned only 
with bleeding from the relaxed uterus 
immediately after delivery and omits 
any consideration of bleeding from cervical 
or vagina! tears. Since postpartum hemor- 
rhage is still one of the principal causes of 
death after childbirth, any effective method 
of preventing or controlling it is decidedly 
in order. Modern obstetrics sometimes 
seems complicated. It is, therefore, neces- 
sary in this report to show that the proce- 
dure advocated is safe and useful. 

Following separation of the placenta, 
control of bleeding from the uterus is 
effected almost entirely by its contraction, 
thus producing a literal strangulation of the 
interspersed sinuses. Coagulation of the 
blood is of little primary importance as a 
patient can become exsanguinated too 
quickly. 

The advent of pain-relieving agents dur- 
ing labor, often followed by anesthesia in 
which the anesthetic may be of a relaxing 
type (ether), has brought about a situation 
which requires new methods of treatment. 
This is especially true when dealing with 
a thinned-out, overdistended uterus, the 
condition being aggravated by drugs and 
anesthetics. Even following delivery in 
which exhaustion is not a factor, uterine 
tone may be so impaired that, while it is 
sufficient to separate the placenta par- 
tiall)'^ or completely, it is not sufficient to 
clamp down the uterus immediately in the 
vise-like manner so desirable. A moderate 
delay in contracting may permit a large 
amount of blood to escape. 


Previously the time honored method of 
waiting twenty minutes for the separation 
and expulsion of the placenta was good 
treatment and gave satisfactory results. 
Over twenty years ago one of the authors 
(R. A. W.), in a study involving over 2,000 
deliveries in which no anesthetics were 
used, found only one instance of severe 
postpartum hemorrhage. Con\ersely, it is 
our opinion that this conservative method 
of treatment is often inadequate in modern 
obstetrical practice. 

The late Dr. Ralph Pomeroy taught that 
each mother has in her blood under normal 
conditions ccbolic substances sufficient in 
amount to produce the desired uterine 
contraction. He also showed that it is not 
difficult to neutralize these substances by 
fatigue, drugs and anesthetics, and claimed 
that the matter was largely quantitative. 
For e.xample, uterine contractions may be 
weakened by morphine and ether, or a 
contracting uterus may be transformed 
into a soft, jelly-like bag by deep anesthesia 
previous to version. As far as possible 
this relaxation of the uterus should be 
prevented. 

We give as a prophylactic measure an 
o.xytoxic substance immediate!}' after the 
delivery of the baby in order to anticipate 
and prevent any relaxation and at the same 
time to hasten the separation and expulsion 
of the placenta. In this institution for more 
than fifteen years we have routinely ad- 
ministered pituitrin intramuscularh- imme- 
diately after the birth of the baby. In only 
a few cases has the placenta been retained. 


* From the Department of Obstetrics and Gynecology, Methodist Hospital. Brooklyn, Neiv 'i'orfc. Read before 

the Obstetrical Society of Philadelphia, October 3, 7940. 
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and on no occasion was difficulty experi- 
enced in expressing it under a mild degree 
of anesthesia. We believe this mild com- 
plication is unduly feared and should not 
be allowed to counterbalance the beneficial 
effects of the early administration of this 
drug. These effects are so striking that no 
member of our staff would wish to return 
to the method of giving an oxytoxic only 
after the delivery of the placenta. 

It is not our intention to discuss the rela- 
tive value of uterine and vaginal packs. 
The former may be dangerous, the latter 
deceptive, and neither will control bleeding 
without firm uterine contraction. 

To produce this contraction additional 
intramuscular injections of pituitrin or 
ergot preparations are effective in most 
cases when used in conjunction with 
uterine massage and elevation of the organ 
well out of the pelvis. It should be borne in 
mind, however, that if bleeding is profuse 
many minutes may elapse between intra- 
muscular injection and uterine response. If 
bleeding is serious, a very rapid contraction 
can be obtained by the intravenous injec- 
tion of pituitary or ergot preparations. In 
certain institutions this method is used 
routinely, but it is not yet certain that it is 
free from danger, nor is it always available 
due to lack of personnel or failure of technic. 

Many operators inject pituitrin directly 
into the uterine wall at cesarean section. 
We have found this method satisfactory. 
The resulting contraction is rapid and 
marked and only a few minims need be 
used to prevent bleeding. At the point of 
injection there is immediate blanching 
which spreads in a few seconds in all direc- 
tions and the contraction may even make 
suturing of the uterine incision difficult by 
reason of its hardening and thickening. 
This clearly shows that excessive bleeding 
can be controlled if the necessary drugs are 
brought to the uterus in sufficient con- 
centration and without loss of time. Certain 
English writers advocate the injection of 
pituitrin into the uterus through the 
abdominal wall. This appears radical and 
yet is claimed to be relatively safe. 


Uterine Bleeding American Journal of Surgery 
TECHNIC 

As there are some desperate situations in 
which the direct injection of an oxytoxic 



Fig. I. Technic of injection. Cervi\ is pulled down 
to introitus and needle enters lower uterine 
segment through anterior ceiwical wall. 

drug into the uterus may be desirable, we 
have tested a method for introducing it in a 
somewhat different manner. Our technic 
is as follows: The cervix is either lightly 
grasped by the anterior lip with a smooth 
sponge forceps and pulled down, or it is 
pushed down by fundal pressure into the 
lower part of the vagina until it is well 
visualized. Using a small needle (22 or 
24 gauge), I cc. of pituitrin is injected 
through the anterior wall of the cervix 
directlv into the lower uterine segment. We 
have found that the injection should not be 
made into the edematous anterior cervical 
lip but must be made high in the anterior 
fornix through the cervix directly into the 
uterine wall to the depth of 2 to 3 cm. 

To prove the effectiveness of such a 
procedure we now present a series of cases 
in which this method alone was used. One 
hundred unselected ward patients were 
tested. A delivery table was equipped 
with a Pasture blood-measuring apparatus 
which permitted an accurate mensuration 
of the blood loss during all stages of the 
delivery but with a trap so arranged to 
permit the spill of liquor amnii. No 0x3'- 
toxic was given until after the deliver}' of 
the placenta when the transcervieal injec- 
tion of I cc. of pituitrin was made. The 
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blood loss was measured Irom the lime 
of the perineal incision until the lime of the 
injection. An assistant’s hand was placed 
on the fundus to determine the lime when 
the firm uterine conlraelion was estab- 
lished. The blood loss from the time of the 
injection until the time the jxitient left 
the tabic was also recorded, the sum during 
ail stages being the total measured loss. 
After the patient was placed in bed, an 
intramuscular injection of an ergot prepa- 
ration was given for its prolonged cllect. 

Of the one hundred patients comprising 
this scries, forty-three were primipara, 
fifty-seven muitipara, the ages varying 
from seventeen to forty-three years with 
an average age of 26.4 years. The average 
duration of labor was 14.9 hours for the 
former, 9.7 hours for the latter. There arc 
an insudicient number of cases to correlate 
the duration of labor with the incidence of 
postpartum hemorrhage. The method of 
delivery is shown in Table 1. 


Tauli I 


Method of Delivery 

' No. of 
Cases 

Percent- 

age 

1 

Spontaneous 

62 

62 

Prophylactic forceps 

24 

, 

Lon forceps 

6 

6 

Mid forceps 


2 

Breech . 

6 

, 6 


There is no direct relationship between 
this and the occurrence of bleeding since 
nine of the fourteen cases of hemorrhage 
followed spontaneous deliveries. We know 
that hard instrumental de]l^•e^ies, versions, 
extractions, etc., all produce postpartum 
hemorrhage not only because of frequent 
vaginal and cervical lacerations, but also 
because these procedures follow hard labors 
in tired, often deeply anesthetized patients 
who may have had an inordinate amount of 
analgesia. Incidentally, in thirty-three of 
our cases we were able to measure the 
blood loss from the episiotomies alone by 
plugging the upper vagina wdth gauze. It Is 


of interest to note that the average blood 
loss was over 100 cc. and approached 500 
cc. occasionally. The slow but steady flow 
of blood from perineal vessels cannot be 
ignored. 

'Fa tilt It 

'F»>tal number nf episiotfiniics 6 ~ 

Number of <-ec<irul decree lacerations 7 
Numlicr of first tleftrte 1 leerations lo 
Measured Itlood loss from J3 tpisi- 
otomies to jon cc„ 

average loj cc. 

For the purposes of this study the routine 
use of pituitrin immediately after the birth 
of the baby was omitted. We anticipated 
and lound an increase not only in the 
incidence but particularly in the severity of 
po.stpartum hemorrhages. Before installing 
a blood-measuring apparatus, estimated 
immediate postpartum hemorrhages of 500 
cc. or more appeared in 4 to 6 per cent of 
our deliveries. The actual mensuration of 
the blood loss (Table iii) proved how easy 
it is to underestimate this. 

TAfill 111 

Os\to\ic , 0 \\ toxic 

.ifu-r Second .-ifUT Third 



Stage 

St.ige 

Total number of c.ises 
Average blood loss 

luo 

259 cc. 

100 

310 6 cc. 

Total Number of 

1 lemorrh.iges 

No. Per Cent No. Per Cent 

joo cc. or o\ er 

600 cc. or over 

1 ,000 cc. or over 

Average duration of third 
stage. 

8 or 8 

3 or 3 

0 or 0 

I to 22 nun. 
6 5 nun. 

1 4 or 14 

1 1 or 1 1 

4 or 4 

I to 33 min. 
lo 0 min. 


Using the prophylactic injection of 
pituitrin and measuring the blood loss, 
postpartum hemorrhage occurred in 8 per 
cent of one hundred patients, three of 
whom bled 600 cc. or more. By omitting 
this prophylactic oxytoxic, we have proved 
our clinical impression, finding the inci- 
dence of postpartum hemorrhage of 500 cc. 
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now reaching 14 per cent, four patients 
losing as much as 1 ,000 cc. of blood. Notice 
that not only was the incidence of hemor- 
rhage nearly doubled but large hemor- 
rhages predominated. The duration of the 
third stage varied from one to twenty-two 
minutes with an average of 6.5 minutes 
when pituitrin was administered early. 
Without it the third stage lasted from one 
to thirty-three minutes with an average 
duration of lo.o minutes. These figures 
undoubtedly prove the value of the use of 
pituitrin as soon as the baby is born. 

A general anesthetic was used for 97 per 
cent of the deliveries and this point is 
worth noting; the average duration of the 
anesthetic in fourteen patients who had 
hemorrhages was 35.3 minutes while for a 
total of ninety-seven patients it was only 
25.7 minutes. 

Having produced relaxed uteri which 
bled profusely, we were now dependent 
upon only one method for controlling them, 
namely, the direct, vaginal, transcervical 
injection of pituitrin into the lower uterine 
segment after the placenta had been 
delivered. Our results are tabulated in 


Table iv. 

Tahue w 

Average blood loss before injection 237 cc. 

-Average blood loss after injection 93.3 cc. 


The average blood loss before injection 
was 237 cc. After injection the average 
blood loss was only 95.3 cc. This means 
that uteri relaxed by analgesia, anesthesia 
and often fatigue can be injected directly 
with a drug, resulting in an average blood 
loss of less than 100 cc. following the injec- 
tion. The speed and eft'ectiveness of this 
method of administration is shown by the 
figures in Table v. 

T.vule V 

lntcr\-al between injection and linn 

nteiine contraction 46 cases timed lo 

to 6(>> seconds 

-Average 84 seconds 

In forty-six cases that were timed it was 
possible for an assistant to palpate the 
uterine contraction after injection and 
record the time necessary for its produc- 


tion. The average interval between injec- 
tion and a firm uterine contraction was 
eighty-four seconds. Thus we have a 
method which, properly executed, will 
produce a firm contraction of the uterus 
within a minute and one third even in 
tired, relaxed organs. 

The method is not completely perfect. 
The response was excellent in ninety-three 
instances and bleeding after injection was 
minimal. (Table vi.) Seven of the fourteen 


Table vi 

SUMMARV OF FOURTEEN CASES OF HEMORRHAGES 


Case 

No. 

1 

1 

Blood 

before Injec- 
tion: cc. 

1 

j Blooi! Los*; 

! .after Injcc- 
1 tion* cc- 

i 

' Total 

1 Loss: 

1 

1 cc. 

i 

Interval 

before 

Contraction 

1- 21511 

500 ' 

300 

1 Soo 

j 10 sec. 

z. 21426 

440 plus 40 ' 
from vapina I 

20 

1 500 

! 

j 300 sec. 

3. i6Ss6B 

900 plus 300 1 
from vapin.i j 

0 

’ 1200 

j 

1 60 sec. 

4. iCpijB 

I too [ 

0 

' 1100 

60 sec. 

5. 21549 

350 plus -5 } 
from Vviptna 1 

1 00 

* 52 s 

1 

60 ■■ec. 

6. 21583 

500 1 

200 

"00 

60 sec. 

7. > 55>3 ! 

600 j 

0 

600 

' ) 0 sec. 

8. 21547 

1 250 before j 
firit j 

200 before ) 
second 1 

50 

500 ^ 

i 1 

, Good; re- 

1 laxed in " 

[ min., rc- 

1 pcate<I 

9 . 21518 

300 before 1 
first ; 

200 before ' 
second 

200 

1 

j 700 

I 

j Bnppy until 
repeated 

10. 21463 

300 before 
! first 1 

200 before i 

1 second j 

-00 

1200 j 

J 

! 

Boor 

n. 21563 

500 

250 , 

-50 1 

4R0 sec 

12. 15823 

550 pluv 250 j 
from vnpina , 

250 

1000 . 

600 sec. 

13. 9581C' 

300 

300 

Ooo 

60 sec. 

14 - I 9 " 73 '\! 

250 I 

500 (mostly 1 

-50 

1 2 see 

1 

1 

! 

1 

1 

from \apina) 

1 



cases in which hemorrhage occurred re- 
sponded immediately. Note that two of 
these patients bled 900 cc. and 1,100 cc., 
respectively, before injection; formidable 
hemorrhages were immediately controlled 
by this method, there being no blood loss 
following injection. Of the remaining seven 
in which the response was poor, the injec- 
tion was repeated in three with immediate 
response in two of these. This leaves only 
five cases in which the response was poor 
immediately or following second injection 
and only two of these bled as much as 500 
cc. after injection. Of the entire one hun- 
dred patients there were only twelve who 
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bled 200 ec. or more after injection or injec- 
tions. We believe that these failures arc 
technical failures and this impression is 
strengthened in those instances in which 
the uterus failing to respond to the first, 
probably incorrect injection, reacted so 
rapidly to the second. Si.v different mem- 
bers of the house staff used this method 
and few technical errors show how quickly 
it can be mastered. That there was not 
more actual blood loss following these 
injections is surprising for a uterus relaxed 
and distended with blood will necessarily 
expell 200 to 300 cc. when it contracts. 

Taiux vu 


Tot.'ii number t)f cases luo 

Gross morbidity , 4 or 4*; 

Corrected morbidity 3 or 3‘'c 

Maternal mortality o 

Fetal mortality. . . o 


We believe that this method is safe. Of 
the one hundred patients in whom it was 
used only four had a morbid* puerperal 
course, one of these being caused by masti- 
tis. This gives a gross morbidity rate of 
4 per cent and a corrected morbidity of 
3 per cent which compares favorably with 
the hospital morbidity rate of 2.5 per cent. 
There were no fetal or maternal deaths. 
(Table vn.) 

In no instance was the patient morbid for 
more than three days. It does not appear 

* Standard of morbidity — single rise to ioo.4°r. in 
two consecutive twenty-four-hour periods excluding the 
first. 


that this method increased the danger to 
the patient from infection. When it was 
lir.st used, we were fearful of puncturing 
large vessels. If such has been the case, we 
have not been able to detect it nor find the 
slightest untoward effect. 

CONCLUSIONS 

1. Certain fundamental considerations 
of the cause and treatment of postpartum 
hemorrhage arc discussed. 

2. Two series of cases are compared 
showing that the prophylactic injection of 
pituitrin after the second stage of labor 
decreases the incidence of postpartum 
hemorrhage by nearly 50 per cent, almost 
eliminates the very severe hemorrhages 
and decreases the duration of the third 
stage. 

3. An infrequently used method of 
controlling postpartum hemorrhage has 
been tested, i.c., direct transcervical injec- 
tion of pituitrin into the lower uterine 
segment. 

4. In one hundred patients the average 
blood loss following such injection was 
95 cc. 

5. Firm uterine contractions were pro- 
duced after an average of eighty-four 
seconds in forty-six cases that were timed. 

6. This method seems safe, no ill effects 
having been found, and there has been no 
increase in the morbidity rate. 



THE TREATMENT OF PELVIC INFECTION 
BY IONTOPHORESIS OF A CHOLINE 
COMPOUND 


Alexander H. Rosenthal, m.d. 

Instructor in Obstetrics and Gynccologj-, Long Island College of Medicine 
BROOKLYN, NEW YORK 

T he operative treatment of chronic The advent of chemotherapy was hailed 
pelvic inflammatory disease is unsatis- as the treatment likely to answer the prob- 
factory. Half-way measures selected lem but unfortunately the results have been 
because of the desire to conserve essential disappointing. In the treatment of the 
function are inadequate and usually result initial infection and acute exacerbations of 
in the need for further surgery. It therefore chronic infections chemotherapy is of great 
is generally admitted that nonoperative or value, especially when the gonococcus is 
consercatlve treatment should be given an the etiologic agent. In the subacute and 
extensive trial before the patient is sub- chronic forms in which Inflammatory tubo- 
jected to operative Intervention and when ovarian masses or cellulitic exudate can be 
this fails, the operation should be a radical palpated treatment by sulfanilamide is 
one. For this reason, any therapy which generally disappointing. Our experience 
may improve the results of conservative (i) in a group of seventy-four hospitalized 
treatment should be of value. Conserva- patients with severe chronic and subacute 
tive treatment, as we understand it, may infection has shown that the use of sul- 
be discussed under four headings: rest, fanilamide in such cases is followed by very 
measures to increase general resistance to little improvement o\'er the results ob- 
infection, chemotherapy and, finally, the tained by prolonged rest in bed. We be- 
induction of pelvic hyperemia. lieve, however, that chemotherapy is of 

The value of rest in aiding the subsidence value in (a) primary gonococcal Infections, 
of infection is well recognized. This in- (b) if the gonococus can be demonstrated in 
eludes not only rest from physical exertion, acute exacerbation of a chronic infection, 
but rest from sexual stimulation and inter- and (c) if the Streptococcus hemolyticus 
course. Unfortunately, the economic status is the etiologic agent. More recently we 
of many patients prevents the discon- have been using sulfathiazole, a sulfo- 
tinuance of their usual occupations. namide with a wider range of action 

As for the value of measures designed to against the various pathogenic bacteria 
raise the resistance of the patient to infec- causing pelvic infection. It is yet too early 
tion, there appears to be no question but to evaluate our results, 
that repeated small blood transfusions are The induction of pelvic hyperemia in the 
beneficial. This is especially true if the treatment of the chronic and subacute 
inflammatory condition is complicated by forms of pelvic infection remains one of our 
anemia. Such treatment, however, requires valued methods for treating these dis- 
hospitalization, is costly, and even when orders. The hot douche, Elliot treatment 
followed faithfully cannot be expected to and diathermy are examples of methods 
bring about complete cure. In this connec- long since used to produce pelvic hyper- 
tion also may be considered the use of emia. In pelvic iontophoresis of a choline 
loreign protein therapy which at one time compound, however, the most intense 
was a favored method of treatment but has degrees and prolonged durations of pelvic 
since been largely discarded. hyperemia can be brought about. \\'hen 
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pelvic hyperemia is indicated, pelvic ionto- 
phoresis promises to be the method of 
choice. 

The use of iontophoresis of medicaments 
in the treatment of localized infections is 
not new, and there is definite laboratory 
evidence to indicate that when mecholyl 
chloride, a choline compound, is used, the 
absorption of the drug will produce active 
hyperemia. Jacoby-'® has been principally 
responsible for awakening interest in the 
use of this therapy for pelvic infection. We 
have used pelvic iontophoresis of a choline 
compound in the treatment of the severe 
forms of subacute and chronic pelvic infec- 
tion and have already reported our re- 
sults.^'® While this method of treatment is 
in no sense a cure-all, it has a definite place 
in the treatment of pelvic infection. After 
briefly describing the technic of treatment, 
a summary of our results and the types of 
pelvic infection responding best to the 
therapy will be presented. (Fig. i.) 

TECHNIC 

The technic is quite simple and may be 
used as an office procedure for patients 
with pelvic inflammatory disease. The 
following equipment is necessary: 

1. An apparatus capable of delivering a 
direct current of 15 to 20 milllamperes. 

2. A vaginal electrode consisting of a 
metal rod surrounded by insulating mate- 
rial and terminating at one end in a small 
mobile crosspiece of metal. 

3. Twenty cc. of 14 or i per cent me- 
cholyl chloride (acetyl-beta-methyl-choline 
chloride) and a quantity of gauze sufficient 
to be soaked to about saturation. 

4. An abdominal galvanic pad 6 by 8 
inches. 

5. A bivalve vaginal speculum and 
uterine dressing forceps. 

The procedure is as follows: Before 
beginning treatment the abdominal pad is 
placed in warm tap water. Occasionally, 
difliculty in raising the milliamperage is due 
to insufficient soaking of the pad. With the 
patient in the lithotomy position, the 
speculum is introduced, the cercix exposed 


and all secretion is wiped away so that the 
drug may come into intimate contact with 
the vaginal mucosa. The gauze soaked 
with the solution of the drug is placed 
around the vaginal end of the electrode and 
introduced into the vault of the vagina. 
The small crosspiece of the electrode should 
be at right angles to the main bar and 
preferably in the posterior vaginal fornix. 
The gauze covered electrode is then held 
firml}’^ against the fornices and the specu- 
lum withdrawn. The vaginal electrode is 
ahvays attached to the positive pole and 
the current is increased verj' slowly to 15 
or 20 milliamperes. The patient generally 
experiences a slight local sensation of 
shock if the current is increased too 
quickly. The abdominal pad is held firmly 
against the skin b}"^ a binder or sand bags. 
A sensation of pricking, burning or sticking 
due to failure of the pad to make sufficient 
contact may be eliminated by having the 
patient make pressure with her hands over 
the pad. Treatment lasts about twenty 
minutes, and at its conclusion the current 
should be decreased gradually otherwise 
the patient may experience a slight local 
shocking. 

Local effects are rare but such systemic 
reactions as an increase in the pulse rate, 
flushing, sweating, lacrimation and saliva- 
tion are common and result from absorp- 
tion of the drug. It is desirable to have 
some systemic effect in order to be certain 
that absorption of sufficiently active solu- 
tion of the drug is taking place. Treatments 
should be given every other da}"^ for a 
period of two to four weeks depending on 
the response to the therapj’-. 

The following groups of hospitalized 
patients were studied: (i) fiftj-eight pa- 
tients with severe pelvic infection, thirty- 
seven ha^'lng tubo-ovarian and twenty-one 
cellulitic infections; (2) thirty-nine patients 
with myomas and clinical evidence of pelvic 
inflammatory disease, or tumor degenera- 
tion, or both. 

Our estimation of the value of pelvic 
iontophoresis is based upon unusually 
rapid improvement in the clinical and 
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laboratory findings. Subsidence of fever, disease, degeneration of myomas, or both, 
pain and abdominal tenderness, diminution As a result of frequent operation in the 
in the size of inflammatory masses, and latter group, material for pathologic study 



Fig. I. Diagrammatic illustration of relationships of apparatus and pelvic organs in iontophore- 
sis. (From Gordon, C. A. and Rosenthal, A H. Studies in pelvic iontophoresis. Am. J. Ob’;!. 
C' Gynec., 41: 237, 1941.) 


more favorable leucocyte counts and sedi- 
mentation rates have been the criteria of 
improvement. It is clear, of course, that 
subacute or chronic peh'ic inflammatory 
disease, whether associated with myomas 
of the uterus or not, tends to improve on 
bed rest alone. Observation of more than 
500 cases of pelvic infection a year in our 
wards at the Kings County and Long 
Island College Hospitals has made us reason- 
ably familiar with what to expect from bed 
rest, transfusion and supportive therapy. 

SUMMARY OF RESULTS 

I. Pelvic iontophoresis of a choline com- 
pound was given to fifty-eight hospitalized 
patients with severe pelvic infection and 
thirty-nine patients with myomas of the 
uterus associated M'ith peh'ic inflammatory 


was available in the great majority of cases, 
thus affording an excellent opportunity for 
determining the type of pathological con- 
dition treated and the effects produced. 

2. The results of therapy in tubo-ovarian 
infections while often good were not suffi- 
ciently good to warrant routine use of this 
method of treatment. It would seem that 
one cannot hope for resolution of old 
inflammatorv tubo-ovarian masses since 
fibrosis and multilocular cysts are a 
prominent part of the pathological condi- 
tion. It may, however, be given a trial in 
persistent tubo-ovarian infections which 
do not respond to other methods of treat- 
ment as well as in those patients in whom 
operative treatment is not indicated. 

3. The best response to the therapy was 
noted in cases of massive cellulitic infection 




American Journal of Surgery 


Rosenthal — Pelvic Infection 


Drcr.MiiKn, 194 


of recent origin which failed to yield to 
ordinary treatment. Pelvic iontophoresis is 
recommended in particular for this type of 
infection. 

4. The preoperative preparation of my- 
omas associated with pelvic inflammator}'^ 
disease may often be shortened with this 
method and the operative risk decreased. 

5. In cases of myomas complicated by 
degeneration, iontophoresis had either no 
effect, or more commonly accelerated the 
degenerative processes. 

6. In cases of myomas in which the 
differential diagnosis between accompany- 
ing infection or degeneration is difficult, the 
method may aid. It will prevent undue 
preoperative delay in awaiting for satisfac- 
tory laboratory data in the case of degen- 


eration and, on the other hand, will help to 
avoid the dangers incurred in operating in 
the presence of pelvic infection. 
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The important point in the study of the colloid in normal thyroid 
glands is that it shows tinctorial changes identical with those seen in 
cardiotoxic goiters. This suggests that the thyroid need not attain goitrous 
dimensions in order to affect the heart. There is no other organ of the body 
which shows such early and extensive degenerative changes as does the 
thyroid gland. 



SURGICAL TREATMENT OF AXILLARY HIDROSADENITIS 

SUPPURATIVA=^ 


Harry B. Macey, m.d. 

Section on Orthopedic Surgery, Mayo Clinic 
ROCHESTER, MINNESOTA 

H IDROSADENITIS suppurativa is a The disease has also been described 
chronic inflammatory disease char- under such titles as abscess or furunculosis 
acterized by the formation of ab- of the axillae, the buttocks or the anus, 



Fig. la. Indammatoiy reaction around apocrine sweat glands; b, ulceration of the epidermis. 



Fig. 2. Hidrosadenitis suppurativa of Fig. 3. Extent of excision which in- 
the right axilla; recurrent type of eludes all the axillarj- hair-bearing 

short duration. area. 


scesses, sinuses and ulcerations in selected pyoderma, nonspecific granuloma and fis- 
regions such as the axillary, mammary, tulous disease of the buttocks, 
inguinal, genital aird perianal. The disease The occurrence of the disease in particu- 
may be of general involvement with exten- lar regions is attributed to the presence of 
sive ulceration and undermining of the a peculiar type of sweat gland. Verneuil,®’^ 
skin and subcutaneous tissue or limited to who brought the condition to attention in a 
one region, commonly the axillae. series of reports between 1854 and 1865, 

* Re.'id before the meeting of the Centr.il Surgical Association, Ann Arbor, Michigan, February' 28, 1941. 
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recognized the association of the abscesses function fay rupture of the cell membrane 
with the sweat glands. These peculiar sweat with extrusion of the cellular protoplasm 
glands, known as apocrine glands, arise into ducts which open either directly into 



Fig. 4. Removal of skin graft from the thigh 
which is chosen as the donor, a Paget derma- 
tome being emploj cd. 


from the hair follicles instead of from the 
epidermis and become active at puberty. 
Their biologic significance was pointed out 



Fig. 5. The graft sutured in position 
Multiple perforations of the graft are 
\ isible. 

by Schiefl'crdecker in 1922. The apocrine 
glands are thought to be remnants of the 
scent glands, which in some animals are 
associated with sexual attraction. The 
apocrine glands do not secrete sweat but 



Fig. 6. Postoperati\ c tjpe of dressing emploting 
sea sponge for compression. 


the hair follicle or on the epidermis ad- 
jacent to the follicle. It is the plugging of 
these ducts and subsequent infection that 
'ead to formation of abscesses. 

The onset of the disease is usually 
insidious, with a feeling of discomfort, 
pruritus and burning. ^Vith progression of 
the process, pain develops and a nodule 
becomes palpable. Frequently this is fol- 
lowed b^' the appearance of new nodules. 
Because of the deep-seated infection sup- 
puration is rare and involution ma\ take 
place. In the more favorable cases the 
condition will respond to early conservati\ e 
treatment; howcAcr, the process ma\ 
persist and extend into the deep la\ers of 
the subcutaneous tissue with the formation 
of extensive sinus tracts and of characteris- 
tic cord-like ele^ated bands. This cord-like 
structure is characteristic of the infection 
and results from the coalescence of multiple 
nodules. In the later stages of the disease, 
in those cases in which the condition has 
not responded to conservati\e treatment or 
in neglected cases, there occur inversion 
and undermining of the cutaneous margin 
with destruction and fibrosis of the sub- 
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cutaneous fat and connective tissue, leav- 
ing epithelial bands to connect the sinuses. 
Extensive ulceration and loss of all the 


reported the axillae alone were involved. In 
thirteen of the twenty-tv o cases the onset 
was in the axilla. 



Fig. 7fl. Hidro<5.idcnitiR suppuratKa of the right fixilla, an carlj recurrent t\pc 
witli sinus and scarring present; h, appearance of the graft witli a complete 
take two weeks postoperativeK . 1 



Fig. Sa. Ilidrosadenitis suppuratha with an involvement of the left 
axilla of the long-standing Upe with the characteristic presence of 
cord-like bands, sinuses, undermining and ulceration; b, three weeks 
after operation showing the extent of the graft with practicallj a com- 
plete take of the graft. 


epithelial tissue in the involved area may 
occur. 

In a recent report by Brunsting, of 
twenty-two cases of hidrosadonitis sup- 
purativa observed at the Mayo Clinic, the 
distribution was slightly higher in the male 
sex and the average age was thirty years. 
In approximately a third of the cases 


In the eight cases in which the intra- 
dermal tuberculin test vas performed the 
result was negative. The results of inocula- 
tion of guinea-pigs were negative in the 
five cases in which this procedure was 
employed. Bacteriologic reports in thirteen 
of the twenty-two cases showed a hemo- 
lytic streptococcus of the micro-aerophilic 
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type in six cases. Staphylococcus aureus 
and Streptococcus viridans were the ruost 
common organisms found. 



Fig. 9. Appearance of an a\illa one j-ear 
after excision of an extensive area of 
involvement with hidrosadenitis sup- 
purativa and immediate skin graft- 
ing. 


» PATHOLOGY 

The apocrine sweat glands are charac- 
terized microscopicall}’’ by the presence of 
two layers of cells, an inner of the cuboidal 
type, which is the active secretorj’' cell, and 
an outer flattened type of cell. In the stage 
of active secretion, these glands exhibit 
numerous papillary infoldings, whereas in 
the resting stage the papillary infoldings 
are absent. The inner layer of cells has a 
distinctive acidophilic cytoplasm which is 
somewhat granular. The cytoplasm usually 
contains hemosiderin and a yellow pigment 
which probably belongs to the lipochrome 
group. 

In the earlier stages of this disease it is 
usuallj" possible, histologically, to demon- 
strate the primary involvement of the 
apocrine sweat glands. The infection dis- 
seminates by means of the lymphatic 
channels and tissue spaces throughout the 
cutaneous and subcutaneous tissues until 


in the later stages the sweat glands are no 
longer recognizable. The process is asso- 
ciated with the formation of abscesses and 
as the inflammatory process progresses in 
one region it tends to heal in another region 
so that in studying sections from this con- 
dition one may find in one region an abscess 
made up of polymorphonuclear leukocytes 
and lymphocytes, while in another, granu- 
lation tissue, and in still another, fibrosis 
with very little cellular infiltration. Asso- 
ciated with the abscesses there is frequently 
ulceration of the surface epithelium with 
the formation of sinuses. (Fig. la and 6 .) 

TREATMENT 

Hidrosadenitis of the axilla, the most 
common location of the infection, fortu- 
nately lends itself to surgical treatment. 
Surgical treatment is confined to those 
cases in which the condition primarily does 
not respond to conseirrative treatment, to 
cases of recurrent involvement and to those 
of long standing which have been neglected. 

Special attention should be called to the 
group of cases of early axillary infection in 
which the condition does not respond to 
adequate primary consers'^ative treatment. 
Surgical treatment should not be delayed 
too long as there seemingly is a vulnerabil- 
ity to infection of the apocrine glands in 
other locations. Further, it should be 
pointed out that after surgical excision of 
the infected axilla, there is a favorable 
response in other associated infected re- 
gions. This report of the surgical treatment 
of axillary hidrosadenitis is based on a 
review of the records of ten cases in which 
fourteen axillae were treated surgically. 
The first procedure of excision of the axilla 
and skin grafting was carried out at the 
Mayo Clinic in August, 1936. All the 
patients have shown satisfactory healing 
and the results have been most gratifydng. 
In one case, however, there was a post- 
operative complication, a subpectoral ab- 
scess, which responded to incision and 
drainage. 

The surgical procedure consists of exci- 
sion of all the ulcerated or involved regions 
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of skin and subcutaneous tissue. In cases of 
minimal involvement the excision should 
include all the hair-bearing area. The exci- 
sion is carried out by dissection en bloc and 
should include any fibrous or inflammatory 
regions in the fat and connective tissue as 
veil. There is no contraindication to carry- 
ing out the procedure in the presence of 
purulent drainage and performing a skin 
graft primarily. (Figs. 2 and 3.) 

After completion of the excision a split 
skin graft, preferably removed in one piece, 
is obtained from a convenient donor area 
such as the thigh or abdominal vail. The 

■o 

Paget dermatome facilitates the removal of 
the graft. (Fig. 4.) The graft is veil per- 
forated to permit leakage of serum, hema- 
toma or any localized focus of infection. 
The graft is then sutured into position in 
its prepared bed; suture material should 
consist of fine silk or nylon. A continuous 
running suture is made completely around 
the graft, the overlapping edges of the 
graft being sutured to the normal skin. 
This procedure is folloved by the insertion 
of a sufficient number of sutures through 
the body of the graft to prevent slipping. 
Care should be taken in the central sutures 
to avoid the deep structures in the axilla, 
or the graft may be sutured around its edge 
vith interrupted sutures, vhich are left 
long in order that they may be tied over the 
material used for compression. (Fig. 5.) 
Since the advent of sulfanilamide, sul- 
fanilamide crystals are sprinkled over the 
graft. From 150 to 225 gr. (10 to 15 Gm.) is 
used, depending somevhat on the size of 
the grafted area. This is then covered vith 
perforated gutta-percha or perforated foil- 
loid and folloved by the application of 
saline vet dressings. The graft should be 
kept moist for at least three to four days or 
until the first dressing, vhich should be 
done not later than the seventh postopera- 
tive day. The time to do the dressing 
depends on the postoperative course of the 
patient. To facilitate moistening of the 
dressings subsequent to operation several 
perforated Dakin’s tubes are incorporated 
in the dressing. 


The most important feature in skin 
grafting is the maintenance of a continuous 
even pressure dressing and this may be 
accomplished by employing sea sponges or 
sea foam rubber. (Fig. 6.) For immobiliza- 
tion an abduction humeral splint, an}" 
metal right-angled splint or such material 
as thick quilting may be used. 

When the graft has taken vhich usually 
is noted from the sixth to the eighth post- 
operative day, the sutures are removed. If 
any blebs or areas of infection have formed 
beneath the graft, these should be opened 
and, if much infection is present, the 
sutures should be remo^■ed and the areas of 
infection painted vith a 3 per cent aqueous 
solution of gentian violet or a 5 per cent 
solution of silver nitrate. It is also veil to 
expose the infected areas to the air and give 
light treatments dailv vhile continuing the 
vet dressings. 

The postoperative care of the grafted 
area should consist of the vearing of an 
abduction splint for a period of from three 
to four weeks continuously and at night for 
a period of three to four months. This 
procedure lessens the risk of contractures. 
Scar contractures have not occurred to any 
appreciable extent in this series of cases but 
when evident or vith the appearance of 
keloid formation, roentgen therapy may be 
employed beneficially. (Figs. 7a and 6, 8a 
and b and 9.) 

I should like to express my appreciation to 
Dr. J. R. McDonald for his courtes}' in reA'iev- 
ing the microscopic sections. 
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POSTOPERATIVE GASTRIC DRAINAGE=== 

QUANTITATIVE STUDY FOR AN INDICATION OF RE-ESTABLISHMENT OF GASTRO- 
INTESTINAL MOTILITY FOLLOWING GASTRIC OPERATIONS 

James P. Warbasse, Jr., m.d. 

On Surgical StafT, St. Ltifcc's Hospital 
NEW BEDFORD, MASSACHUSETTS 

G astric surgery, which until late in stoma, or from diminished gastric activity 
the nineteenth century was under- due to refle.v or other origin. The function 
taken with certain misgivings, iias of gastric emptying is taken over by an 
increased in prevalence in recent years, ectopic center if the pylorus is sectioned or 
This has been due not only to refinements if a gastroenterostomy or Billroth I type of 
in surgical technic but also to the improved operation is performed. After edema has 
methods in postoperative care that have subsided, any restraining infiuence on 
led to a more favorable outcome. Continu- gastric motility, if such can be demon- 
ous or intermittent suction applied to a strated, must be brought about by contrac- 
tube passed through the nose or mouth into tion of the intestine below the site of 
the stomach is an integral part of such care, operation. 

Since the stomach tube was popularized Jn the immediate postoperative period, 
over a hundred years ago, there have been patients who have been subject to gastric 
introduced a large and varied assortment surgery must be carried along on parenteral 
of tubes for emptying the stomach. The fluids. The amount administered should be 
Levine tube has perhaps met with the dependent upon the demands of the patient 
greatest favor. Likewise, numerous methods from the standpoint of fluid balance. The 
of appljfing suction to such a tube have administration of parenteral saline in- 
been suggested. Of these the principle creases gastric secretion as well as duodenal 
advanced bj'^ Wangensteen is as simple and and biliary secretion, but to a lesser degree 
effectual as any. than does the la\ age action of large 

Postoperative intubation is advisable, amounts of fluid taken by mouth and 
following gastric operations, to protect sucked back by a tube draining the 
suture lines against stress, to permit the stomach. 

patient to take water and other fluids after Thus in patients who have had a gastric 
recovery from anesthesia, to prevent over- operation and are being maintained on 
distention of the stomach with liquid and parenteral fluids as well as on fluids by 
gas, and to rest the stomach until local mouth, the amount of fluid that is removed 
edema and irritation have subsided. Re- from the stomach will be dependent upon 
gardless of the general condition of the several factors. The chief factor, of course, 
patient, secondarj^ edema will appear at is the amount of fluid that is taken by 
the site of the operation and maj’ dela}’’ mouth. Of less significance is the amount of 
gastric emptying for several da3's. Edema parenteral fluid (saline or other solutions) 
occasionallj’’ develops as a result of dis- that is being administered. Other factors 
ordered body metabolism. ' are: obstruction that develops at a newly 

The overdistention that is observed ma}’ formed stoma due to operative or other 
be due to anv factor retarding gastric edema, obstruction at the pylorus due to 
emptying time. It maj' arise from edema at similar edema or pjdorospasm, obstruction 
the pylorus or around a newty formed due to gastric or intestinal atony, and 
* From the Abington (Pa.) Memorial Hospital, Surgical Service of Dr. Damon B. Pfeiffer. 
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obstruction due to intestinal contraction 
beyond the operative site. If gastric disten- 
tion is to be avoided, tube-drainage of 
the stomach must be continued until 
such time as gastrointestinal motility is 
re-established. 

The patient, suffering discomfort from 
the tube, and the surgeon, confronted not 
onlv with possible alterations in chemical 
balance from chloride loss through the tube 
but also with the problem of fluid-balance 
maintenance, are both interested in as 
early removal of the tube as is feasible. 
Various criteria for the re-establishment of 
motility which have been presented in the 
past are based chiefly on retention tests and 
have their disadvantages. They are usually 
“trial and error” procedures and entail the 
risks attendant on gastric distention in 
the early postoperative period. A simple 
method of determining such re-establish- 
ment, at which time the tube may be 
removed safely, is afforded if an accurate 
fluid-balance record is kept. 

Such has been the plan of procedure 
since early in 1938 at the Abington (Pa.) 
Memorial Hospital. In addition, a Levine 
tube is passed, preferably preoperatively, 
through the nose into the stomach of every 
patient undergoing gastric surgery. Suction 
by the Wangensteen principle is applied to 
the tube postoperatlvely. On the fluid- 
balance record kept for such patients there 
is recorded item by item the amount, 
nature, time and route of all fluid Intake 
and output. The amounts are summarized 
every twelve hours, thus giving a day and a 
night figure. Twenty-four-hour totals are 
likewise indicated. Parenteral and oral fluid 
intake are among the items noted as well as 
fluids lost by kidney and bowel. The degree 
oi sweating is indicated. Thus at the end of 
each twelve or twenty-four hour period it 
is a simple matter to determine from such 
a record the changes in fluid balance lor the 
bod y as a whole as well as the gain or loss 
as far as oral fluids are concerned. 

M hen intake by mouth exceeds output 
by mouth (yomitus plus suction drainage) 
gastrointestinal motility is assumed to be 


re-established. For not only is the excess of 
Intake over output being assimilated, but 
also an amount representative of gastric 
secretions. At such time the tube may be 
clamped off for increasing periods of time, 
and if there is no indication for further 
gastric drainage the tube may be removed. 
In the following series, after re-establish- 
ment of motility the tube was left in place 
for a period averaging about twenty-four 
hours. 

The records of patients undergoing 
gastric surgery at the Abington (Pa.) 
Memorial Hospital during a five-year 
period (1934 to 1939) were analyzed to 
determine whether the re-establishment of 
gastrointestinal motility subsequent to 
gastric operations followed any definite 
time pattern. For the purposes of this study 
the exact time of removal of the tube had 
to be known. This was found in fifty-eight 
of the cases. The described fluid balance 
records were kept for the last twenty-one of 
the above fifty-eight cases. It is to the 
fifty-eight cases that attention is directed 
and to the twenty-one cases particularly. 

If, for the sake of explanation, a curve is 
plotted for intake by mouth and a second 
curxe is plotted for output by mouth as 
determined from the records, the dis- 
crepancy between the two represents the 
net diflerential which may also be plotted. 
When this latter curc^e falls below the zero 
line, motility is established. (Figure i gives 
the curves for a typical case.) 

Table i includes all cases in which the 
duration of intubation was indicated. This 
is given for each type of operation en- 
countered. Table ii includes those cases in 
the first table which presented data not 
only on the duration of intubation but also 
on itemized fluid balance. 

In Figure 2 are plotted net differential 
curves based on the twenty-four hour 
totals of fluid intake and output by mouth. 
These curves are averages for: (i) each 
operation of which there were four or more 
instances, (2) the remainder of the various 
operations and (3) the group as a whole. 
The similarity of the curves is noteworthv. 
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With the c\ccptiof> of those patients in 
\vl\ich pastroenteiostomy was the operation 
pcrlorniccl, the tnaxinniin tlepiee of oh- 


tit)n the depree of obstruction, either 
tnechanical or lunctionai, retnainecl ele- 
vated as indicated bv the excess of output 



I’lr.. I. N. !!., (Ili.iri No. 38-4344. ItU-c'linK duodi'n.il iilctT; 
I'innoy pv lorojdast.v and suture of ulcer 


I'ABLK \ 


Number 
of Cases 

OpiTation 

Duration of Intub.ition (Daxsl 

Average 

1 

1 

G.istro- and ciiolccysiojcjunostomy 


8 

8 

7 

Polya gastric resection 

i 

It, 6, 6, 6, 3, 4 

6 

1 

Gastrectomy and esopli.tgojejunostomv. 


(> 


2 

Cliolecystogastrostomy ... 


7» 5 

!(> 

X ! 

Excision of gastric myosarcoma 

1 

6 

i6 

2 

Closure of gastrojcjunocolic fistula 


6. 4 

5 

28 

Ga,st roenterostomy 

1 

1 1, 8. 7, 7> fi, fi> f>, 5i 5, 5« >■ ?. 7 ’ 5. 

5 




>. i , 5. 4. 4. 4. 4. 4. 4. 3. 3. 3. 3 


10 

Finney pyloropl.'isty 


"*» 7 » >f 5» 4» 4» 4> 4> 3 j 

^ 5 

4 

Closure of perforated ulcer 


; 5» 5* 4* 4 i 

4' 2 

1 

Gastrotomv and suture of ulcer 


4 1 

4 

1 

1 leinickc-Mikulic? pyloroplasty 


3 1 

3 

58 


General average ' 

5 2 days 


struction or the minimum degree of over intake by the oral route. In the case of 
motility was reached on the day after gastroenterostomies, obstruction was ob- 
operation. On the second day after opera- served to be at a maximum on the second 
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day. The significance of the lag is not 
apparent. On the third day there is a 
subsidence of obstruction and on the 


crossed the zero line. This would indicate 
that by the fourth day, and let it be 
stressed that this is in the average case, 



TABLE II 


Number 
of Cases 

Opcr.ation 

Duration of 
Intubation (Days) 

Time for Differ- 
ential to Reach 
Zero (Days) 

I 

Gastro- and cholccystojejunostoniy 

! 

8 

8 

'> 

Polva gastric resection 

II, 6 

II, 4 

1 

Excision of gastric mvosarcoma 

6 

5 

2 

Qosure of perforated nicer 

5> 4 

5, 4 

4 

Finnev pyloroplasty 

7> 5> 4> 4 

5, 5, 4, 4 

I 

Closure of gastrojejunocolic fistula 

4 

4 

8 

Gastroenterostomy 

/> 4j /> 3> 5 

6, 5, 4, 4, 3. 3, 3, 2 

2 

Cholecvstogastrostomy 

7> 5 

3, I 

21 


Average ....5.6 days 

4 . 4 days 

i 


fourth day after operation the average net motility becomes re-established. It is dur- 
differential, not only for each of the various ing the first day after operation that there 
groups but also for the entire series, has is the greatest increase in obstruction. This 





652 American Journal of Surgery \VcirbclSSC GsStriC DraifiagG 


December, 194 


is quite natural as irritation is at a maxi- 
mum. The cumulative action of those 
factors hindering motility subsides to 
the greatest degree during the fourth 
postoperative daj^. Then, as motility is 
reestablished, the cur\"es of the net differ- 
entials level off and, after clamping or 
removing the tube, represent the oral fluid 
intake expressed as a minus value. 

SUMMARY AND CONCLUSIONS 

The prevalence and success of gastric 
surger}'' have increased in the last half 
century. Much of the gain maj'^ be attrib- 
uted to improved postoperative care in 
which drainage of the stomach through one 
of the various tubes that have been pre- 
sented plays an important role. Such 
drainage is adequately accomplished with 
the Levine tube to which suction is applied 
by the method of wangensteen. Drainage is 
indicated until gastrointestinal motility, 
interrupted by operation, is re-established. 
As a precautionar}" measure, the tube 
which otherwise might be safelj'^ clamped 
on the fourth daj" in the average case, 
should be allowed to remain in place for an 
additional twent3Mour hours in those 
instances in v'hich there is a question as to 
the permanent continuance of motiliuc 
The time of re-establishment of motility 
may be determined by analyzing a patient’s 
record of fluid intake and output by mouth, 
when such a record is kept in detail follow- 
ing gastric surgery. 

In a series of patients who were thus 
investigated, the time element with regard 
to motility after operation was established. 
Regardless of the tj-pe of operation on the 
stomach, motility in the average case was 
found to be at a minimum on the day after 


operation. the fourth postoperative 
da)”-, motility was found to be adequately 
re-established and subsequent!}^ continuous 
M'ithout remission. 
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THE PREVENTION OF POSTOPERATIVE MENINGITIS 
BY INTRACRANIAL IMPLANTATION OF POWDERED 

SULFANILAMIDE* 


Yale D. Koskoff, m.d, and Norman M. Wall, m.d. 

Nevirosurgical Chief, Montefiore Hospital Resident in Pathology, Montefiore Hospital 

PITTSBURGH, PENNSYLVANIA 


T he treatment of certain infectious 
diseases by the systemic administra- 
tion of sulfanilamide has established 
itself as a notable achievment. This form of 
therapy has enjoyed no more spectacular 
success than in the treatment of meningitis, 
especially of streptococcic and meningo- 
coccic origin. Yet meningitis remains a 
dread complication of neurosurgical proce- 
dure, and methods useful in the reduction 
of the risk of meningeal infection may be 
fruitfully explored. 

Bucy^ has reported the value of sulfanil- 
amide administered orally and parenterally 
in the prevention of probable meningitis, 
resulting from accidental contamination of 
the surface of the cerebellum during the 
drainage of a brain abscess. It was our 
purpose to test experimentally the efficacy 
of sulfanilamide in the prevention of 
meningitis, not by parenteral or oral 
administration, but by Intracranial im- 
plantation of the powdered drug at the site 
of invasion of the organisms. That this 
form of administration might well be of 
value, was apparent from the work of 
Jensen, Johnrud, and Nelson- who demon- 
strated the prophylactic effectiveness of 
local implantation of sulfanilamide in the 
treatment of compound fractures. More 
recently, Rosenburg and Wall® found the 
intraperitoneal introduction of sulfanil- 
amide powder of great value in the preven- 
tion as well as the treatment of peritonitis. 
Since this form of administration of the 
drug was found effective in the prevention 
of infection in a membrane as delicate as 


the peritoneum, its analogous use in the 
meninges was considered feasible. 

The purpose of this work was to test the 
efficacy of sulfanilamide, locally applied, in 
the prevention of experimental postopera- 
tive infection of the meninges. A case 
report is presented to illustrate the use of 
this method in the prevention of meningitis 
following surgery for compound, depressed 
fracture of the skull. 

EXPERIMENTAL PROCEDURE 

A preliminary series of experiments with 
rats indicated that powdered sulfanilamide 
applied to the surface of the brain was 
neither toxic nor irritant. In the small 
group of rats studied, those in which the 
sulfanilamide had been implanted, sur- 
vived; while the controls, not protected 
from the innoculation of a virulent cul- 
ture, succumbed. The cultures used were 
predominantly Streptococcus hemolyticus. 
However, the operative procedure was so 
traumatizing in such a small animal, that 
extraneous factors rendered interpretation 
difficult. Cats proved pre-eminently desir- 
able for this work, for in these animals, no 
mortalities occurred attributable to the 
operation alone. 

Twelve cats, studied in six pairs, were 
used; one of each pair constituted the eon- 
trol animal. The infecting agent was 
obtained several days before each experi- 
ment from fresh pus obtained from patients 
with otitis media. The cultures were pre- 
dominantly of streptococcic, containing 
occasional pneumococci and staphylococci. 


* From the Neurosurgical Service and the Department of Pathology of the Montefiore Hospital, Pittsburgh. This 
work was made possible through the aid of a grant from the Isaac Kaufmann Foundation. 
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To insure infection of the leptomeninges, 
the virulence of the cultures was strength- 
ened according to the method described by 


carefully opened stellate fashion, and the 
cortex gently scarified to insure contamina- 
tion of the leptomeninges. After hemostasis 



Fig. I. A microphotograph demonstrating 
diffuse meningitis and inflammatory cortical 
change in a control animal. X 75. 


Fig. 2. A microphotograph demonstrating early 
subcortical abscess formation in a control 
animal. X 125. 


Groff.'* This entailed subculturing in blood 
agar at 37°c. for twentj^-four hours with 
re-introduction of part of the melted agar 
into broth. Thus a virulent culture was 
obtained, which produced a fulminating 
infection without fail in each control 
animal. This is all the more striking since, 
when a discrepancy existed, the larger or 
better nourished animal of each pair was 
used as the control. 

The animals were etherized, and a burr 
opening about the size of a dime was made 
in the teraperoparietal area. The dura was 


was complete, i cc. of the virulent culture 
was injected subdurally, the culture flowing 
somewhat beyond the limits of exposed 
cortex. The technic was identical in every 
animal, except that in one of each pair, the 
introduction of the organisms was followed 
by the subdural implantation of approxi- 
mately H Gm. of powdered sulfanilamide. 
The powder thus applied covered the 
leptomeninges and cortex as well as dura. 
By delicate probing, the drug was brought 
just beyond the outer limits of the exposed 
brain to reach as much of the infecting 


TABLE I 


RAT PROTOCOL 


Animal 

Date 

Culture 

Sulfanila- 

mide 

i 

Course 1 

Results 

i 

I, 

12/20/40 

0.25 cc. Hem. 
Strep. 

None 

! 

Sick on 3rd day. Progressivelj 
worse; refused to eat 

Died on 7th da\, 12 27 40 
Path, report: meningitis 

2. 

12 20/40 

0.25 cc. Hem.j 
Strep. 

73 mg. 

Well throughout 

Living and w ell 

3 - 

1 2 ''26/40 

0.25 cc. Hem 
Strep. 

None ! 

i 

Verj sick in 24 hours, refused 
to eat 

1 Died 2nd da j, 12 28 40. P.ith. 

; report, meningitis 

4 - 

12/26/40 

1 

0.25 cc. Hem. 
Strep, 

75 mg. 

Well throughout 

' Lning and well 

5 * 

'/ 2 , 4 I 

0.25 cc. Hem 
Strep. 

None 

Verv sick in 12 hours | 

*■ 1 

Uiedtn 18 hours Path, report. 
earK diffuse meningitis 

6. 

I 2^41 

0.25 cc. Hem. 
Strep. 

75 mg- 

Well throughout | 

i 

} Li\ ing and well 
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Iluid as possible. Closure ^vas made of 
temporal muscle and skin with continuous 
catgut sutures. The animals were kept in 
warm cages, and received routine post- 
operative care. Table i and ii Illustrate the 
protocols and results in the rat and cat 
experiments, respectively. 

EXPERIMENTAL RESULTS 

The results summarized in the cat 
protocols (Table ii) exhibit a striking uni- 
formity. All of the animals treated with 
sulfanilamide at the time of the operation 
and only at that time, survived for longer 
periods than the controls. Only one of the 
sulfanilamide-treated animals (No. 12) 
died, and this occurred eight days after the 
control animal had succumbed in twenty- 
four hours. At death, this treated animal 
was markedly distended and died appar- 
ently as a result of a fulminating toxemia 
due to secondary anaerobic invasion. There 
was no evidence of meningitis or cortical 
abscess. The brain appeared necrotic. 

All of the control animals died with 
clinical and pathological evidence of menin- 
gitis. These animals demonstrated varieties 
of clinical and pathological pictures, rang- 
ing from death within twenty-four hours, 
from a fulminating invasion, to a maximum 
survival of seven davs. Fiaiure i is a micro- 
photograph illustrating the suppurative 
meningitis obtained in cat No. 3. The sec- 
tions show areas of polymorphonuclear 
infiltration, suppuration and necrosis, as 
well as new capillary formation and fibro- 
blastic reaction. There is marked distor- 
tion of ganglion cells, edema and peri- 
vascular infiltration. Figure 2 illustrates a 
subcortical abscess seen in four of the six 
control animals. Most of the sections re- 
vealed dilated thrombosed vessels with 
perivascular polymorphonuclear leukocytic 
infiltration, focal necrosis and hemorrhage. 
Figure 3 is a micro photograph of the brain 
of one of the treated animals sacrificed for 
pathological study. Grossly the brain 
revealed no evidence of suppuration. On 
microscopic study, the meningeal vessels 
appeared somewhat engorged, and there 


555 


was slight round cell infiltration, possibly 
the result of scarification and slight irrita- 
tion. There was no evidence of infection or 



Fig. 3. A microphotograph demonstrating 
essentially normal dura and cortev in a sul- 
fanilamide treated animal subsequent to 
scarification and injection with a virulent 
culture. X loo. 


significant foreign bod}' reaction. The 
contex appeared well preserved. 


CASE HISTORY 

The patient, a boy of eleven, was admitted to 
the Montefiore Hospital in stupor two hours 
after he had sustained a head injury in a fall 
from a tree. On admission, his condition was 
poor. The head revealed a small scalp lacera- 
tion in the right parietal region, through which 
cortical tissue oozed. Pupils were sluggish and 
reacted poorly to light. There was no gross 
paresis. The patient was given 100 cc. of hyper- 
tonic glucose intravenously, and a spinal tap 
was performed to relieve the stupor and ex- 
treme restlessness. Because of the possibility 
of incipient shock, operation was postponed 
until ten hours after admission. Tetanus anti- 
toxin was given, and an .8 per cent sulfanila- 
mide clysis instituted. 

At operation, an extensive compound 
depressed fracture of the right perietofrontal 
region was disclosed. A radical debridement of 
the skull and cortex was carried out in accord- 
ance with the technic outlined bt" Munro. 
Because the fracture extended beyond the 
limits of possible exposure, the debridement 
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TABLE II 


CAT PROTOCOL 


Animal 

Date 

Culture 

Sulfanila- 

mide 

i 

j Course 

I ... 

Results 

I. 

1/20/4 I 

0.5 cc. Hem, 
Strep. 

None 

Lethargic in 24 hours, with 
swelling over operative site, 
on 4th day very sick, large 
abscess present; cat in ex- 
tremis 6th day; sacrificed 

Path, diagnosis: suppurative 
meningitis; cortical abscess 

2. 

1/20/4 I 

0.5 cc. Hem. 
Strep. 

0.5 Gm. 

Slightlj' ill 1st day, then well 
throughout; sacrificed in 12 
days to c.\amine brain 

Path, diagnosis: slight injec- 
tion of meningeal vessels 

3 - 


I cc. Hem. 
Strep. 

None 

i 

Lethargic in 24 hours; swell- 
ing over operative site; eyes 
swollen, quite sick, does not 
cat; progressive signs of 
meningitis; died on 7th day 

Path, diagnosis: suppurative 
meningitis; cortical abscess 

4 - 

1/31/41 

! 

I cc. Hem. 
Strep. 

0.5 Gm. 

Condition good next day; well 
throughout, sacrificed on 
14th day for pathological 
study 

Path, diagnosis: no evidence 
of suppuratH'e meningitis or 
foreign body reaction; brain 
and meninges essentially 
normal 

5 - 

2/4/41 

I cc. Hem. 
Strep. 

None j 

1 

1 

i 

Lethargic in 24 hours; swelling 
over operative site; eyes 
glassy; progressively worse; 
classical signs of extensive 
meningitis; died 6th day j 

Path, diagnosis; diffuse sup- 
purative meningitis; cortical 
abscess 

1 

6. 

2/4/41 

I cc. Hem. | 
Strep. 1 

0.5 Gm. 

Condition good next day; well 
throughout 

f Still living; excellent condition 

1 

7‘ 

2/11/41 

I CC. Hem. i 
Strep. i 

j 

1 

None 1 

Lethargic in 24 hours; on 2nd 
day, shallow respirations, 
paralytic rigiditj’ hind legs; 1 
died on 3rd day in extreme j 
rigidity j 

Path, diagnosis: suppurative 
meningitis: cortical abscess 

8. 

2/1 1 /41 

1 cc. Hem. 1 
Strep. 

0.5 Gm. 

Slightly ill 1st day; 2nd day j 
much better, then well 
throughout 

Still living; excellent condition 

9 - 

2/14/41 

I cc. Hem. 
Strep. 

None 

1 

Extremely ill, slight swelling 
over operative area. Died 
within 24 hours 

Path, diagnosis: diffuse men- 
ingitis 

lO- 

2 '14/41 

I cc. Hem. 
Strep. 

0.5 Gm. 

Rather ill ist and 2nd days, 
walks around, eats very 
little; condition improved 
3rd day, then well through- 
out 

Still living; excellent condition 

1 1. 

3'4 41 

1 cc. Hem. 
Strep. 

None 

Dead in 24 hours 

Path, diagnosis; diffuse men- 
ingitis 

12, 

3 ' 4 ' 4 i 

I cc. Hem. 
Strep. 

0.5 Gm. 

III 1st and 2nd days; on 3rd 
day cat eating a little and j 
looks better; “th day sud- 
denly became worse, and 
entire body swelled rapidlt' 

* before death on the 8th day ' 
postoperatively | 

Died 8 days postoperatively; 
no evidence of suppurative 
meningitis; brain appeared 
necrotic 
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could not be complete. Therefore, 4. Gm. of 
sulfanilamide powder were dusted into the 
wound. The powder was in intimate contact 
with the traumatized brain as well as the skull 
margins. Closure of the galea and skin was 
made with interrupted silk sutures without 
drainage. During the operation, the patient’s 
circulation had been sustained with a transfu- 
sion of 500 cc. of blood, and his immediate 
postoperative condition was good. On return- 
ing to his room, the .8 per cent drip was 
re-instituted. 

The patient’s course in the hospital was quite 
satisfactory. A temperature of 103° (per rec- 
tum'), noted forty-eight hours after operation, 
was the peak of the curve. .At no time was there 
evidence clinically or on spinal (luid e.vamina- 
tion of meningitis; nor was there any evidence 
of a toxic reaction to sulfanilamide. The 
patient has been well since discharge from the 
hospital more than six months ago. 

DISCUSSION 

The clear experimental results demon- 
strate the eflicacy of powdered sulfanil- 
amide implanted intracranially in the 
prevention of meningitis. \\’hile the or- 
ganisms were predominantly streptococci, 
pneumococci and some staphylococci were 
also present. Lockwood^ stresses the impor- 
tance of high concentrations of the drug at 
the site of contamination if the most 
beneficial results are to be obtained. He 
emphasizes the view that the future prog- 
ress of chemotherapy rests on the ability of 
obtaining high concentrations at the de- 
sired site rather than increased drug 
specificity. 

It appears that sulfanilamide is without 
harmful eft'ect when locally applied in 
powdered form to the leptomeninges and 
cortex of cats. Russell and Falconer*^ proved 
that no appreciable damage was sustained 
by the local application of sulfanilamide 
powder to the rabbit’s brain. They warn 
that excess of the powder will excite a 
toreign body reaction. In our experiments, 
estimation of foreign body reaction was 
difficult because of the cortical scarification 
and subsequent innoculation. We could, 
however, see no significant evidence of a 
process of this kind. Furthermore, clinical- 


/ 

ly, this form of administration of the drug 
finds its most suitable application in the 
treatment of potentially infective cranial 
and intracranial injuries. In these condi- 
tions, the reparative changes are usualh' 
far more extensive than any demonstrable 
foreign body reaction to this chemical. 
Therefore, the foreign body reaction is a 
relatively unimportant consideration, espe- 
cially when the possibility of severe infec- 
tion exists. 

In our patient, there was no clinical 
evidence of any toxic effect from the local 
application of 4 gm. of sulfanilamide to the 
brain surface, traumatized though it was. 
While our clinical case does not determine 
whether or not the intracranial use of 
sulfanilamide prevented meningitis, be- 
cause of the surgery and parenteral admin- 
istration of the drug, it does demonstrate 
that in this instance, it produced no 
untoward effects. It must be emphasized 
that the use of powdered sulfanilamide in 
potentially infected areas does not elimi- 
nate the necessitv for a sound surgical 
prodecure, such as debridement of a 
compound fracture of the skull. However, 
when the debridement as in our case, is 
necessarily incomplete, local implantation 
of sulfanilamide may prevent a suppurative 
meningitis. Its use may well diminish the 
number of cases in which disfiguring 
surgery is deemed necessary in order to 
complete an extensive debridement of the 
skull. During war, this method may achieve 
its widest application in preventing the 
disfigurement of excessively radical sur- 
gery, or death from meningitis. 

SUMM.\RY .AND CONCLUSIONS 

1. The intracranial implantation of pow- 
dered sulfanilamide is an effective and 
efficient method of preventing meningitis 
experimentally produced in cats by the 
subdural injection of a culture, predomi- 
nantly streptococci. Thus, effective high 
concentrations of the drug, applied localh' 
and prophylactically, when infection seems 
likely, may often spare healthy organs from 
intensive chemotherapy. 
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2. A ease is presented illustrating the 
clinical application of this method, and 
demonstrating the apparent harmlessness 
of sulfanilamide dusted on traumatized 
cortex. 

3. The value of this method in the 
prevention of infection of the meninges, 
especially in traumatic neurosurgery, is 
discussed. 

We wish to express our sincere thanks to Dr. 
K. Y. Yarduniian, Chief of the Lalroratory, 
for his valuable advice duringthis investigation, 
to Mr. A. Levin for the microphotographic 
studies and to Miss Rhea Klein for her help 
with the bacteriological work. 
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The only true hyperplasia of the connective tissue in the thyroid gland 
is found as the end result of a defensive reaction; that is, thyroiditis. 



BIOCHEMICAL ASPECTS OF PREOPERATIVE AND 
POSTOPERATIVE TREATMENT* 

ITS PRACTICAL APPLICATION 
Raymond Green, m.d. 

CHICAGO, ILLINOIS 


ADVANCES in surgical technic were 
followed by an increasing recogni- 
tion of the importance of improved 
preoperative and postoperative treatment. 
Increased knowledge in anesthesia, a better 
understanding of peripheral circulatory 
failure and shock, the prevention of pul- 
monary complications, thrombosis and 
embolism, and intestinal distention, were 
emphasized, and in the past decade have 
assumed their rightful place in the care of 
surgical patients. In the past few years, 
however, clinical and experimental research 
have also emphasized the significance and 
importance of a biochemical evaluation 
of the surgical patient, and it is this 
aspect with which this communication is 
concerned. 

The categories to be discussed concern 
themselves with: (i) Fluid and electrolyte 
balance, (2) hypoproteinemia and its rela- 
tionship to edema, its effect on gastro- 
intestinal motility, and its relationship to 
wound healing and wound disruption, (3) 
nitrogen balance, and (4) vitamin c and its 
importance in wound healing and wound 
disruption. A prime purpose of this pres- 
entation is to show that the determination 
of all the above is a practical procedure to 
be carried out in the great majority of 
patients, and is not merely a theoretical 
consideration and one which requires 
highly organized laboratory and research 
facilities. 

FLUID AND ELECTROLYTE B.A.LANXE 

Physiologic Coixsideration. There are 
numerous conditions which predispose to 
dehydration. Among the more common are 
prolonged diarrhea, vomiting incident to 


obstructive lesions, inanition secondary to 
ulcer or carcinoma, traumatic shock, et- 
cetera.^" We are, however, concerned here 
chiefly with surgical considerations. Elec- 
trolyte loss occurs chiefly through vomiting 
resulting from obstructing lesions of the 
gastrointestinal tract. The chloride ion is 
the principal electrolyte lost with gastric 
juice. If the loss of the chloride ion is 
sufficient, hypochloremia and alkalosis 
ensues. Similarly, the sodium ion is the 
principal electrolyte lost with pancreatic 
juice and bile, and if this loss is sufficient, 
acidosis ensues. Sufficient bile may also be 
lost via biliary fistulae to produce this 
picture. If the loss is from the lower reaches 
of the gastrointestinal tract, as from 
jejunostomy or ileostomy, there is a loss of 
unabsorbed electrolytes. In prolonged diar- 
rhea, similar changes follow. 

In the consideration of the physiologic 
aspects of patients in whom there is a 
disturbance of water and electrolyte bal- 
ance, the degree of hydration, the electrolyte 
balance, and the niitritioxial state must be 
considered. 

The water of the bod}’ is divided into 
three components : the intracellular and the 
extracellular, the latter composed of inter- 
stitial and intravascular portions. The inter- 
stitial portion is about three times as large 
as the intravascular portion, and its volume 
varies considerably in varying degrees of 
hydration, while the intravascular portion, 
or plasma volume is maintained at fairly 
constant levels. The important problem in 
the analysis of the extent of hydration 
is the determination of the volume of 
interstitial fluid and the extracellular 
volume. It is difficult to determine dlrectlv 


From the Department of Surgery-, University of Illinois, College of Medicine. 

659 



66o American Journal of Sorcery GrCCn PoStOpCralivC T rCatmCnt 


Dr.cr.MBi-.n, 1941 


the extracellular water, but it can be ar- 
rived at indirectly by the determination of 
the plasma. It has been shown’- that the 
plasma volume up to a certain point, is 
maintained at the expense of the interstitial 
water during extracellular water loss, but 
beyond this the plasma volume diminishes 
with consequent hemoconcentration. Thus 
hemoconcentration and reduced plasma 
volume indicates a serious reduction of 
extracellular fluid. A change in plasma 
protein concentration, if protein has not 
been added or lost, may presume changes 
in plasma volume. Obviously then, deter- 
minations of these are important in deter- 
mining the severe degrees of dehydration. 

In the considerations of proper therapy, 
it will be apparent that the electrolytes 
replaced will obviously depend upon the 
electrolytes lost. With loss of chlorides, 
only moderate amounts of solutions are 
given, as here both water and electrolyte 
retention are greater. With sodium loss on 
the other hand, larger amounts may be 
given, as neither electrolytes nor water 
will be retained, obviating the danger of 
retention edema. In the acutely ill and 
dehydrated patient it is sometimes insufli- 
cient to give sodium chloride alone, for at 
times the blood is found more concentrated 
after its administration, and here the use of 
adrenal cortical extract will help fix the 
sodium.” It will be shown that in hypo- 
proteinemia, when there is already a 
fixation of the sodium chloride and water in 
the tissues, the use of adrenal cortical 
extract is obviously contraindicated. 

It can thus be seen that the indiscrimi- 
nate administration of fluids, either salt 
solution or even glucose, is not without 
hazard, and it is also reasonable to assume 
that the quality and quantity of fluid given 
must vary with each patient and with 
different states of fluid balance. For ex- 
ample, the renal function is impaired in 
marked dehydration, and the administra- 
tion of large amounts of salt solution is 
often associated with edema. Thus for the 
correction of the former, glucose solution 
rather than salt solution is indicated, and 


its administration results in an increase of 
renal blood flow, an increase of plasma 
volume, and does not usually predispose to 
edema. Thus is demonstrated the fallacy of 
the administration of salt solution under 
improper conditions. In dehydration, hy- 
pertonic fluids will be deleterious, for it is 
well known that hypertonic glucose solu- 
tions are effective in inducing dehydration. 
Also administration of excessive fluids even 
of proper concentration is to be avoided, for 
in patients with a reduced serum protein 
level, edema is likely to result. 

Following these introductory remarks, it 
will be shown that the amount of fluid to be 
administered can be determined with a 
satisfactory degree of accuracy by one of 
several methods: 

1. In the patient who is not vomiting, 
and can retain fluids by mouth, the prob- 
lem is fairly simple. The usual fluid intake 
(including that in the diet) is approxi- 
mately 3,000 cc. per day. If the urinary 
output is about 1,500 cc. daily, and the 
specific gravity 1 .0 1 5, one may assume that 
the fluid intake and electrolyte balance is 
adequate.’ 

2. In the patient who cannot take fluids 
by mouth and must, therefore, receive 
parenteral fluids, several methods for 
determination of fluid requirements have 
been put forth: (a) By calculation of total 
requirement for tiventy-Jour hours. The sum 
of the following represents the usual daily 
requirements: 1,500 cc. of water for urine, 
2,000 cc. of water for vaporization, numeri- 
cal replacement of fluid lost in vomitus, 
drainage from fistulae, hemorrhage, etc. If 
the patient is severely dehydrated, an 
additional 3,600 cc,, or 6 per cent of the 
body weight may be given, ib) By simul- 
taneous determinations of chlorides and 
carbon-dioxide combining power. These de- 
terminations indicate the total base, which 
according to Elkinton and associates- and 
Peters-’ is the important factor, as the 
total base determines the amount of water 
held in the tissues. However, the ratio of 
acid to base ions is important rather than 
just the total base concentration. In addi- 
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tion to dehydration there may be either 
acidosis or alkalosis. The determination of 
plasma carbon dioxide combining power 
and plasma chlorides, from which the total 
base may be calculated, as will be shown 
below, is important in following the electro- 
lyte balance. 

Melbods o f Determination o f Chlorides and 
Carbon-Dioxide Combining Power. About 
5 cc. of blood is drawn and placed directly 
into a Sanford-jMcGath hematocrit tube 
containing the proper amount of heparin. 
After centrifugation, the hematocrit is 
read. The protein can be determined from a 
few drops of plasma from its specific 
gravity by use of the Barbour and Hamil- 
ton’s falling drop apparatus.* Residual 
plasma is used to determine the carbon 
dioxide combining power and chloride 
concentration. The mathematical calcula- 
tions and interpolations necessary to obtain 
the appropriate figures for electrolyte 
detenninations are beyond the scope of this 
presentation, and for the formulae, one is 
referred to other articles.- 

Administration of Fluids. A simple 
method of giving parenteral fluids is the 
administration of physiologic saline in 5 
per cent glucose in amounts equal to the 
gastric, biliary, intestinal, etcetera, loss, 
plus 5 Gm. of sodium chloride for urinary 
excretion, and 1,000 to 2,000 cc. of a 5 per 
cent glucose solution to equalize the in- 
sensible loss. 

Although base loss is important, acid 
ions must not be overlooked; replacement 
is in physiologic proportions. About three- 
fourths of the total base requirement is 
given as isotonic saline and one-fourth as 
sodium lactate or bicarbonate. If the 
carbon dioxide combining power or plasma 
chlorides are reduced, these must be re- 
stored by the administration of more 
sodium chloride, bicarbonate, or lactate as 
needed, and alkalosis or acidosis avoided. 
This method of attack aims at obtaining 
normal physiologic concentrations of base 
and acid ions, and water. 

(c) By determinatioii oj plasma chlorides. 
Coller and associates^ calculate the amount 


of physiologic saline needed by the so-called 
“clinical rule”: for each 100 mg. that the 
plasma chloride level needs to be raised to 
reach the normal of 560 mg. per cent, the 
patient should be given 0.5 Gm. of sodium 
chloride per kilogram of body weight. 

This method offers a simple and ade- 
quate technic for the determination of 
necessary electrolyte. According to Elkin- 
ton,- however, this method is not com- 
pletely satisfactory as it ignores total base 
as such and hemoconcentration as an 
indicator of serious loss of extracellular 
water and electrolyte. The importance of 
the latter has been brought out in the 
preceding paragraph. 

If no dehydration exists, but nothing is 
taken by mouth, and parenteral fluids are 
required, 500 cc. of physiologic saline solu- 
tion or Ringer’s solution, with 2,500 to 
3,000 cc. of 5 per cent glucose in dis- 
tilled water, will satisfy the patient’s 
requirements. 

It might also be stated that in diarrhea 
and ileostomy drainage, the base loss is 
greater than the chloride loss; here one 
finds a nearly normal plasma chloride, but 
a low carbon dioxide combining power. If 
there is vomiting, the chlorides are of 
course reduced. In cases with such base 
loss, Hartmann has presented a method for 
fluid and electrolyte correction.^ According 
to this author, chemical examination of the 
blood will determine the loss of water, 
chlorides, bicarbonate, and total fixed base, 
but other substances as calcium and 
potassium are not so indicated because 
their concentration in the blood plasma 
remains fairly constant. He emphasizes 
that the calcium and potassium should, 
however, be considered, and to accomplish 
this, Ringer’s solution should be gi\-en. The 
bicarbonate content of the blood and body 
fluids can be restored by separate injections 
of sodium bicarbonate and Ringer’s solu- 
tion. However, instead of separate injec- 
tions, if sodium lactate is substituted for 
sodium bicarbonate, the sodium lactate can 
be combined with Ringer’s solution, as 
these two are compatible. 
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Ringer’s solution is indicated when 
chlorides, sodium, potassium, calcium and 
magnesium have been lost. It is thus 
applicable in all forms of dehydration, and 
as has been previously stated, when large 
amounts of gastrointestinal secretions have 
been lost as by vomiting, diarrhea, fistula, 
etc., Hartmann suggests the giving of 80 
to 100 cc. per kilogram of body weight. 

Sodium lactate solution is indicated in 
specific amounts in acidosis. As it is gener- 
ally used when the carbon dioxide content 
is under 25 volumes per cent, a routine dose 
of 10 cc. of the molar solution per kilogram 
of body weight, diluted with 5 A'olumes of 
distilled water, will tend to raise the carbon 
dioxide content by 25 to 35 volumes per 
cent. 

Lactate-Ringer s solution is indicated in 
all types of dehydration as this solution 
relieves acidosis or alkalosis and is espe- 
cially useful when chemical blood deter- 
minations are not available. It may be 
administered by any parenteral route. 
When severe dehydration and loss of 
electrolytes exists, an initial dose of 80 to 
100 cc. per kilogram of body weight may 
be indicated. However, it must be empha- 
sized that after this initial dehydration and 
loss of electrolytes is corrected, the daily 
dose of Lactate-Ringer’s solution must not 
be over 25 cc. per kilogram of body weight. 
The remainder of the fluid requirements 
are met with 5 per cent glucose. 

(d) Determination of hematocrit, specific 
gravity oj whole blood and plasma, and com- 
pulation oj plasma protein. It has been 
shown that these give valuable information 
regarding the state of hydration.’® 

Hematocrit. The determination of the 
hematocrit or cell volume is important, as 
there is characteristically an increase, no 
matter what the cause of the dehydration. 
The normal hematocrit for the male aver- 
ages approximately 46 per cent and for 
the female the average is approximately 41 
per cent. The hematocrit also gives impor- 
tant information about the plasma volume. 
If there is no change in erythrocytes, either 
by hemorrhage or transfusion, successive 


hematocrit determinations show changes in 
plasma volume.-" The complete technic for 
these tests can be found elsewhere.’’ 

Specific Gravity. That the specific grav- 
ity of whole blood and plasma varies with 
hemorrhage and edema, and with shock 
and dehydration, has been demonstrated.” 
Specific gravity determinations can be 
done by the simple method of Barbour and 
Hamilton. According to this method, 
the normal average value of the specific 
gravity of whole blood is 1 .0566 for males, 
and 1.0533 females. The specific gravity 
of normal plasma is i.02~o, and this corre- 
sponds to a plasma protein of 6.83 Gm. per 
cent. The specific gravity is increased in 
shock and dehydration, and decreased in 
hemorrhage and edema. 

Plasma Protein. It has been shown that 
there is a definite relationship between 
the the specific gra^'ity of blood plasma 
and plasma protein content.® Knowing the 
specific gravity of blood plasma, the plasma 
protein content can then be determined 
by reference to appropriate tables. The 
further significance of this will be brought 
out more fully in the consideration of 
hypoproteinemia. 

SUMMARY 

Methods have been presented by which 
the state of hydration of patients can be 
determined with reasonable accuracy; and 
that when these determinations have been 
made, the administration of fluids, correct 
qualitatively and quantitatively, can be 
accomplished. The carbon-dioxide combin- 
ing power, and chlorides, gi\-es important, 
and probably the best data for accurate 
control, of course in conjunction with the 
clinical signs. That an understanding of 
these principles will aid substantially in 
restoration of fluid and electrolyte balance 
needs little additional comment. 

HYPOPROTEIXEMIA 

Physiologic Consideration. An impor- 
tant function of plasma proteins is to main- 
tain the colloid osmotic pressure of the 
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blood plasma. The osmotic pressure that 
the colloids exert against the capillary 
blood pressure prevents the fluid from leav- 
ing the capillaries into the surrounding 
tissues. A reduction of the colloid osmotic 
pressure causes a decrease in the ability of 
the plasma to retain water, and with this 
reduced plasma protein concentration, 
edema results. It has been shown that a 
depletion of plasma protein to the level of 
4 to 4.5 Gm. per cent represents the critical 
level, and thus when the depletion is 
approximating this level, it can be reason- 
ably predicted that edema will present 
itself. However, there are probably fluctua- 
tions in the figure. 

Since in hypoproteinemia there is a lack 
of ability for plasma to retain water, injec- 
tion of large amounts of various salt solu- 
tions obviously results in edema, whereas 
under other conditions, edema does not 
occur. This definitely illustrates that in 
hypoproteinemia there is a reduction in the 
ability to hold fluid in the blood, and a 
consequent escape and accumulation of 
abnormal amounts in the tissue spaces. 
As the plasma proteins are diminished, 
there is a loss of fluid from the blood ves- 
sels, the edema at first being latent, and if 
continued, it becomes evident.^'’ The mere 
replacement of fluid and electrolytes is 
insufficient without consideration at the 
same time of plasma proteins. In some 
instances a disturbed electrolyte balance 
takes place not because of a primary 
plasma protein deficiency, but because the 
capillaries have been so injured that plasma 
protein and crystalloids pass through the 
capillary walls into tissue spaces. Trauma 
and consequent oxygen lack frequently 
cause such increased capillary permeabil- 
ity. It has been shown that the fluid 
escaping at the site of burns closely corre- 
sponds in composition to that of serum, 
and Beard and Blalock^® found that the 
protein content of fluid lost as a result of 
burns, inflammatory processes, of disten- 
tion of the intestine with interference of 
circulation, is similar to the protein content 
of plasma. 


Although nutritional hypoproteinemia 
rarel}’’ leads to severe circulatory failure, its 
consideration and correction assumes defi- 
nite surgical importance, for it will be 
shown that there exists a relationship 
between hypoproteinemia and certain post- 
operative complications. 

With this as a brief basic explanation of 
the biochemical mechanics, those condi- 
tions which predispose to hypoproteinemia 
will be mentioned, and the resultant effects 
of hypoproteinemia of surgical significance 
discussed. Among the more common condi- 
tions leading to hypoproteinemia are defi- 
cient protein intake, deficient protein 
synthesis, hemorrhage, infection, extensive 
burns, loss by drainage, or in severe liver 
disease, in which the power to regen- 
erate serum proteins is greatly dimin- 
ished. In patients with ulcer or gastric 
cancer, because of restriction in diet 
for various reasons, there is undernourish- 
ment with protein starvation and ensuing 
hypoproteinemia . 

A. Nutritional Edema. The capillary 
blood pressure tends to force fluids into the 
tissues while the colloidal osmotic pressure 
draws fluids from the interstitial spaces 
into the blood stream. In this reaction 
plasma protein is a dominating factor.-® 
More detailed explanation of the mechanics 
can be found in other works.-® Hence, 
because of the reduction of the osmotic 
pressure of the blood, there is a disturbance 
of water balance and a resultant peripheral, 
visceral and pulmonary edema, the latter 
often resulting in pneumonia.^' Peripheral 
edema, manifested chiefly in the subcutane- 
ous spaces is an early and frequent occur- 
rence. Visceral edema will be discussed 
under gastrointestinal motility. Pulmonary 
edema can occur in a hypoprotelnemic 
patient receiving small amounts of fluid, 
even though the patient is in negative 
water balance, emphasizing again the 
importance of hypoproteinemia. 

B. Gastrointestinal Motility. As has 
been stated, when the plasma protein con- 
centration falls below a certain level, the 
osmotic pressure which the plasma exerts is 
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reduced and fluid leaves the vessels, result- 
ing in an increase in extravascular fluids, 
which if continued leads to edema.-- In this 
process of edema the gastrointestinal tract 
is not excluded. It has likewise been shown 
that a reduction of the plasma protein of a 
dog will result in a marked increase in the 
gastric emptying time.-'* This in some 
instances becomes so prolonged that a 
technical defect in an anastomotic stoma 
is simulated. Persistent vomiting is often 
attributable to this cause. Disturbances in 
the motility of the gastrointestinal tract 
due to diminished plasma proteins arc also 
emphasized by Barden and associates-"' and 
Mecray.-^ Restoration of serum proteins 
causes a prompt amelioration of these 
obstructive symptoms. It is well to remem- 
ber also that hypoprotcincmia can develop 
quickly following extensive operations 
upon patients who prior to operation 
appeared in good nutritional balance.-'-' 

C. Wound Healing and Wound Disrup- 
tion. It has been shown that the healing 
of wounds follows a fairly exact mathe- 
matical formula.-® In dogs rendered hypo- 
proteinemic by diet or plasmapheresis, it 
was demonstrated that there was a delay in 
fibroblastic proliferation and consequently 
in wound healing, Contraiwise, in the 
absence of hypoproteinemia there was no 
delay in the healing of wounds.-' More 
weight is lent to these conclusions when it 
is remembered that, as Ravdin-^ states 
“disruption is still encountered in wounds 
free from infection, in which hemostasis 
was excellent, in which trauma to tissues 
and tension was minimal, and unusual 
strain obviated,” and this “strongly sup- 
ports the concept that other factors of a 
general character play an important part 
in the failure of certain wounds to heal.” 
The importance of serum protein in wound 
healing was forcibly demonstrated by 
Thompson,*® who showed that even though 
there was still edema of the wound edges 
for some time after the serum proteins 
became normal, wound healing progressed. 

Correction of Hypoproteinemia. AH sur- 
gical patients should have their nutritional 
status determined, and if the serum pro- 


teins are found to be diminished, normal 
levels should be reached prior to operation, 
if possible. This restoration is at times 
didicult, especially when there is impair- 
ment of regeneration. In these cases 
proteins or amino acids cannot be utilized 
for synthesis of scrum protein. However, 
in most patients such a factor does not 
pertain, and there is no defect in the regen- 
erative factors of scrum protein. Thehypo- 
proteincmia is merely nutritional in origin. 

In cases with chronic loss of the protein 
fraction of the plasma, protein-containing 
fluids are to be administered. A variety 
of substances have been recommended, 
among them being lyophileplasma, amino 
acids, acacia solutions, ascitic fluid, serum 
and plasma, and whole blood. All but the 
latter two will receive but brief explanation 
here. The plasma olTcrs the most rapid 
avenue of correcting nutritional hypo- 
proteinemia. Lyophilized plasma has been 
suggested.*® Details of the lyophile process 
for those interested are described by Aludd 
and associates.*’ Amino acids likewise have 
been used, and more detail will be given in 
the discussion of nitrogen balance. Ascitic 
fluid has been used,*® and some interesting 
observations have recently been recorded 
by Maes and Davis.*® 

Whole blood or plasma are chiefly used. 
Whole blood is especially useful when the 
hypoproteinemia is associated with anemia. 
It is important to give multiple, large, and 
frequent transfusions if a definite rise in 
serum protein is to be reached and main- 
tained.*® If no anemia is present, plasma or 
serum is superior to whole blood, because it 
does not overload the system with unneces- 
sary corpuscles. The relative ease of obtain- 
ing read}' serum or plasma, and the absence 
of reactions, presents obvious advantages 
over whole blood. Here likewise large 
amounts must be given. 

SUMMARY 

It has been amply shown that protein 
deficiency and hence hypoproteinemia as- 
sumes great importance in the considera- 
tion of the surgical patient. Edema, 
interference with gastrointestinal motility 
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and the failure of normal function of 
anastomotic stomas, as well as major 
disturbances in wound healing, are sequelae 
following its failure of correction. The 
edema is the result of hypoproteinemia and 
is due to a disturbance in the mechanics by 
which there is a reduction in the colloid 
osmotic pressure with a consequent de- 
crease in the ability of the plasma to retain 
water. In view of the latter, the danger of 
administering salt solutions in the presence 
of hypoproteinemia should be kept in mind, 
as edema might be precipitated because 
the sodium chloride and water becomes 
fixed in the tissues. 

In those cases in which there is no 
intrinsic condition which results in impair- 
ment of regeneration, substitute therapy is 
of definite value. Perhaps the best means of 
Increasing serum proteins is oflered by 
plasma transfusions. 

.NITROGEN* BALANCE 

In addition to establishing fluid and 
electrolyte balance and correcting hypo- 
proteinemia, the importance of maintain- 
ing the patient in nitrogen balance is 
receiving deserved increasing attention. 

Physiologic Considerations. Body pro- 
teins are beins: constantlv destroved, and 
obviously must be adequately replaced. If 
this is not accomplished, the patient will of 
course not be in nitrogen balance, as the 
nitrogen loss will be greater than the 
available usable nitrogen. This problem 
arises in the patient who must be fed 
parenterally. This group is represented by 
patients with repeated vomiting as in 
intestinal obstruction or peritonitis; or in 
those in whom oral feedings are unsatisfac- 
tory, as in intestinal fistula or severe ulcera- 
tive colitis with diarrhea, by virtue of the 
fact that suflicient food cannot be toler- 
ated, or perhaps is excreted before being 
sufliciently absorbed, and the tissues thus 
do not receive any adequate supply of 
amino acids. Under these circumstances 
enumerated above, it becomes apparent 
that amino acids, if possible, must be given 
parenterally. That such can be done has 
recently been demonstrated.^^ 


Amino Acids for hitravenous Alimetxla- 
tio 7 i. It has been shown that amino acids 
in the form of an enzymatic casein hydro- 
lysate is utilized for the nutritional needs 
by patients'"*'^- and that it can be given 
safely has been repeatedly confirmed.'’’*’^"’ 
Altschuler and associates^"’ have shown that 
casein hydrolysate to which has been added 
1.8 per cent tryptophane and 1.5 per cent 
cystine can be administered intravenously 
to postoperative patients without deleteri- 
ous reactions, and the patient can be 
maintained in nitrogen balance when this 
amino acid mixture is substituted for 
protein in the diet. Also, amino acids were 
completely utilized and nitrogen balance 
maintained. Marked improvement was also 
noted in patients with nutritional edema. 

Plasma for Alvnerilatiori. Plasma also 
can maintain the patient in nitrogen 
balance,"’^ but has some Important short- 
comings as a means of nitrogenous nourish- 
me 7 U. It would require 1,000 cc. of blood to 
represent the equivalent of 35 Gm. of 
serum protein, the latter being the mini- 
mum for a 70 kilogram adult.’’’* The 
impracticability of this is evident. Further- 
more, plasma supplies the protein for 
serum protein only, but it is likewise 
necessary for other tissues to be supplied, 
and this is accomplished only by amino 
acids, as the latter represents the form in 
which protein enters the blood stream. The 
protein must physiologically first be hydro- 
lyzed to amino acids.. 

Method. For the amount of amino acid 
to be administered intravenously, Elman 
and \Veiner state “with regard to the 
quantity of dextrose and amino acids 
needed for intravenous alimentation, a 
rough estimate should be made. For a 
“O Kg. adult certainly 1600 calories should 
be given, and more if fever is present. Thus 
at least 400 grams of dextrose and amino 
acids should be injected. Of the latter, 
sufficient should be given to keep the 
patient in positive nitrogen balance. From 
the various statements in the literature, at 
least 0.5 Gm. per kilogram should be 
adequate. In the adult patients observed 
in which the excretion of nitrogen was 



666 American journni of SurKcry Grccn — Postopcrative Treatment 


December, 1941 


Studied for a long period, 5 Gm. a day was 
the usual maximum output. This corre- 
sponds to an amino acid intake of over 30 
Gm. In other patients the nitrogen needs 
are probably much greater.” 

Reactions from administration of amino 
acids have been minimal. It might be added 
that amino acids in solution have been pre- 
pared commercially. 

SUMMARY 

The importance ofmaintainance of nitro- 
gen equilibrium has been brought out. A 
mixture of amino acids containing essential 
constituents is available and can be ad- 
ministered parenterally without untoward 
reactions. 

VITA.MJX c 

The importance of protein as a factor in 
wound disruption and would healing has 
been emphasized. Protein deficiency, how- 
ever, is not the only factor to be considered. 
It has been established that vitamin c 
deficiency is a contributing factor to this 
complication. It has been shown e.xperi- 
mentall}’’ that this deficiency has led to 
poor healing of surgical Incisions. 

The basis for the relationship of vitamin 
c to wound healing is perhaps best brief!}’ 
explained by Hartzell et al.'*^ who quote 
Wolbach and state that “deficiencies of 
Vitamin C result in abnormalities of all 
intracellular substances having collagen 
as their basis, and that its absence pre- 
vents the formation of the matrices of 
white fibrous tissue, bone, cartilage, and 
dentin.” Also, “in Vitamin c deficiency 
the pathologic picture is produced by 
resorption of intracellular materials in 
both growth and reparative reactions.” 

The fact is not lost sight of, howe\'er, 
of the part in poor wound healing and 
disruption played by faulty technic, un- 
necessary trauma, poor hemostasis and 
infection. 

Patients wdth gastric and duodenal 
ulcer have been shown to have low vitamin 
c levels in blood plasma,'*^ as well as 


patients with gastric carcinoma, biliary 
tract disease, severe diarrheas or with 
chronic sepsis. Significant also is the fact 
that the vitamin c plasma level drops 
considerably after operations loilboul clin- 
ical signs of scurvy, even if the plasma 
level reaches zero. This obviously should 
impress one with the importance of keeping 
the vitamin c nutrition in mind but per- 
haps suggests the importance of prophy- 
lactic administration. It is also well known 
that a vitamin deficiency is rarely singular, 
and according to Lund and Crandon,’^ 
when large doses of vitamin c are given, 
thiamin hydrochloride, and nicotinic acid 
are also important. They give i Gm. of 
ascorbic acid, 30 mg. of thiamin hydro- 
chloride, and 100 mg. of nicotinic acid daily 
for four days before operation. Vitamin 
therapy is carried out also postoperatively. 

GENERAL SU.M.MARV 

An attempt has been made to present 
some fundamental principles of therapy 
from a biochemical point of view. For those 
patients who cannot take fluid or food by 
mouth, parenteral therapy becomes neces- 
sary; and if the fundamentals presented 
are kept in mind, the water and electrolyte 
balance can be restored in each individual 
patient wfith considerable mathematical 
accuracy. The effect of protein deficiency 
has also been amply demonstrated. A 
reduction in the concentration of plasma 
proteins results in peripheral and visceral 
edema, and often explains the apparent 
failure of anastomotic stomas to function 
normally. Its relationship to wound healing 
is discussed. The importance of maintain- 
ing the patient in nitrogen balance is 
dealt with, and the exhibition of amino 
acids in patients not in nitrogen equi- 
librium, although not satisfactorily solved, 
is making headway. Experimental and 
clinical evidence is accumulating to demon- 
strate the importance of vitamin c in 
wound healing. 

I wish to thank Dr. V^arren H. Cole for 
many helpful suggestions. 
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PERITONEOSCOPY* 

WITH SPECIAL REFERENCE TO WIDENING ITS APPLICATIONS 
Joseph E. Hamilton, m.d. 

Assistant Professor of Surgerj', University of Louisville Medical School 
LOUISVILLE, KENTUCKY 


P eritoneoscopy no longer re- 
quires introduction or apolog^L Its 
safety, simplicity and accuracy in 
abdominal diagnosis have been ably 
demonstrated b}' Ruddock,'-- Benedict,^ 
Thieme,' Olim,^ and others. There are 
now, in fact, over 300 peritoneoscopes in 
use throughout this country, the Ruddock 
peritoneoscope being the most wideij’ 
accepted. I propose in this paper first to 
summarize briefly my experience with the 
peritoneoscope and then to describe some 
new or onl}" slightly e.xploited applications. 

PERITONEOSCOPY IN GENERAL 

The reader is referred to the authors 
just mentioned for details of technic which 
consist, briefly, in four steps: local anes- 
thesia, abdominal air inflation, insertion 
of the instrument through a small stab 
wound, observation and, when indicated, 
biopsjL 

Two points deserve emphasis: the rela- 
tive painlessness of the procedure and its 
safety. Although Priestly® recommends 
intravenous evipal, we have found local 
anesthesia quite satisfactor3^ Special note 
was made of the amount of pain during 
our last fifty-three peritoneoscopies: thirty- 
nine patients either had negligible pain 
or none at all, nine made moderate com- 
plaint and only five complained bitterly. 
Supplimental anesthesia was necessary 
just once. Four well sedated patients fell 
asleep during the procedure. The day 
following peritoneoscopy the patient is 
allowed up and around. 

The safetj- of the procedure is well 


illustrated by Ruddock’s- 900 observa- 
tions with but a single mortality. There 
have been no known cases of peritoneal 
infection in the present series and I have 
encountered none in the literature. In 
one of our patients with terminal though 
atypical tuberculous peritonitis, a loop of 
ileum was punctured and the resulting 
fecal fistula doubtless hastened somewhat 
the inevitable fatal conclusion. Another 
patient in the last stages of syphilitic 
cirrhosis of the liver, lung abscess and 
cardiac decompensation e.xpired two hours 

No. of 

Cases 


Conditions involving the liver, such as cirrhosis, 
with or without ascites, carcinoma, etc 34 

Jaundice of uncertain etiology 6 

Splenomegaly 2 

Suspected intraperitoneal tuberculosis 4 

Pelvic pathology 0 

Carcinoma of the colon (deciding operabilitj) 2 

Differentiating between appendieitis and sal- 
pingitis 5 

Gunshot and stab wounds of the abdomen of 
questioned penetration 12 

Miscellaneous conditions, including undiagnosa- 
ble abdominal tumors, suspected hemoperi- 
toneuin, intr.a-abdominal adhesions, etc 6 


after peritoneoscop^L Although autopst’ 
revealed no evidence of injurt', the pro- 
cedure undoubtedl}^ gave the final tip to 
the balance between life and death. Since 
these two casualties, I have avoided peri- 
toneoscopy in patients with serioush" 
reduced vital capacit}'^ and cardiac reserve 
and also in those suspected of generalized 
intra-abdominal adhesions. The mere pres- 
ence of previous laparotomy- scars, how- 
ever, does not necessarily^ contraindicate 
peritoneoscopy-. 


* From the Department of Surgery, University of Louis\'iIIe School of (Medicine, and Louisville City Hospital, 

Louisville, Kentucky. 
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SUMMARY OF CASES 

Since the commencement of this study 
in December, 1939, eighty observations* 
have been made upon seventy-five patients. 
The distribution of cases examined is as 
shown in the table on page 668. 

Table i condenses the results of the 
eighty e.xamlnations. Sixty-eight times a 
problematic diagnosis was confirmed or 
changed, or new and significant informa- 
tion was added. Laparotomy was obviated 
seventeen times and was definitely elected 
in eleven instances when the indication 
for operation was in doubt. (Table i.) 


should be found necessary, this preliminary 
procedure will not have added significantly 
in time or trauma to the operation. Some 
of the applications of peritoneoscopy about 
to be described will illustrate this. 

Differentiation between Obstructive and 
Hepatic Jaundice. This differentiation is 
sometimes impossible in spite of all avail- 
able diagnostic tests. Yet surgery is obliga- 
tory in the former case and contraindicated 
in the latter. Endoscopic visualization of 
the liver and gallbladder and biopsy of the 
former will, in the majorit}'^ of these cases, 
make the diagnosis. Although this applica- 


TABLE I 

ANALYSIS OF EIGHTY PERITONEOSCOPIES 


Di.ngnostic Problems 

! 

' . . . 1 

Deciding for or against 

Laparotomy ' 

1 

, Other Uses 

1 

Clinical impression confirmed . . 

.1 38 

Laparotomv avoided '17 

j 

Puncture of ovarian follicular cyst 

Clinical impression changed. . . . 

■ ' 14 

Indication for laparotomy decided; 1 1 

for uterine bleeding, z cases; one 

Significant inform.ation added. . 

•i 

Helped decide for or against ' 

successfully accomplished, one 

Inconclusive* 

•1 

1 

1 

1 

operation 1 

No help in deciding for or against { 
^surgeryt j 9 

failure due to inability to find 
the cyst. 

1 


3 ' 


' Of these unsatisfactory results, ciglit occurred among the first sixteen peritoneoscopies performed with a 
forcoblique cystoscope. In still another case, before the biopsy forceps were acquired, sypliilitic cirrhosis of the liver 
was missed. Twice among the earlier examinations the instrument could not be Introduced into the abdominal 
cavity. 

fOf these, seven followed as a result of “inconclusive” peritoneoscopic diagnoses. In another of these cases, 
scoped before the biopsy forceps had been procured, it could not be made certain by vision alone, whether masses 
in the liver were gummata or cancer. 


NEW OR ONLY SLIGHTLY EXPLOITED 
APPLICATIONS OF PERITONEOSCOPY 
There seems to be a prevailing opinion 
among writers on this subject that peri- 
toneoscopy should not be used in any acute 
inflammatory or otherwise serious con- 
dition in which an adverse outcome might 
be blamed upon the instrumentation. Yet 
if peritoneoscopy in such a case can spare 
the patient the much greater procedure 
of exploratory laparotomy, and at the 
same time establish a diagnosis or decide 
whether or not operative intervention is 
necessary, it surely is indicated. If surger}"^ 

first sixteen peritoneoscopies were performed 
with a foreoblique cystocope, the remaining sixty-four 
with the Ruddock peritoneoscope. 


tion in jaundice of doubtful etiology is 
doubtless tacitly assumed by most writers 
on peritoneoscopy, I have found definite 
reference made to it only by 01im“ and 
Anderson.® 

In the six cases of problematic jaundice 
in this series, the clinical impression was 
confirmed twice (hepatitis and cancer of 
the head of the pancreas). 

In the third case, that of a twenty-six 
year old white female, the severity and 
type of abdominal pain, as well as a chole- 
cystogram strongly suggestive of gall- 
stones, made common duct stone a likely 
possibility. Finding a normal looking gall- 
bladder and a liver normal in appearance 
except for some blunting of its margins 




670 


American Journal of SurRcry Hamilton — Peritoneoscopy 


DrcrMDFK, 1941 


pointed to a diagnosis of acute infectious The last case was that of a fifty-seven 
or “catarrhal” jaundice. Absence of biliary year old colored female suspected of 
symptoms and jaundice for over nine having, on the basis of pelvic findings and 
months confirms this impression. enlarged, irregular liver, cancer of the 



Fig. I. Liver biopsy, taken through peri- Fic. 2. Liver biopsy, taken through peri- 
toneoscope showing probable sypliilitic toncoscope showing bile obstruction, 

hepatitis. cholangeitis and early biliary cirrhosis. 


Another patient, a thirty-seven year old cervix or uterus and obstructive jaundice 
female luetic who had been on arsenical from metastases. Through the scope a 
therapy, was thought to have either leiomyoma was found in the pelvis and a 
arsphenamine hepatitis or infectious jaun- normal looking liver with dense adhesions 
dice. Endoscopy and biops}"^ (Fig. i) re- around a gray, thick looking gallbladder, 
vealed syphilitic hepatitis. Peritoneoscopic diagnosis of common duct 

The clinical impression of the fifth stone was verified at operation and the 
patient, an elderly man with painless condition was successful!}' relieved, 
jaundice, lay between cancer of the head Differentiation between Bleeding Peptic 
of the pancreas and catarrhal jaundice. Ulcer and Ruptured Esophageal Varix. 
At peritoneoscopy a nondistended and Surgical intervention is frequently indi- 
apparently normal gallbladder rendered cated to control massive hemorrhage from 
cancer of the head of the pancreas verj^ peptic ulcer, especiall}^ in patients past 
unlikely. The liver was grossly not remark- fifty. In the occasional case in which 
able. A biopsy (Fig. 2) was reported, “Bile cirrhosis of the liver with ruptured esoph- 
obstruction, cholangeitis and early biliary ageal varix cannot be ruled out, visualiza- 
cirrhosis.” The pathologist considered this tion of the liver through the peritoneoscope 
compatible with the clinical syndrome of should settle the diagnosis. This procedure, 
catarrhal or infectious jaundice and this gently performed without even moving 
diagnosis was further confirmed by the the patient from his bed, would seem to be 
improvement and recovery of the patient. less conducive to further hemorrhage and 
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more conclusive than the barium swallow 
recommended by Stalker and Gray® and 
others for diagnosing esophageal varices. 



Fig. 3. Making the dift'orential diag- 
nosis between acute appendicitis 
and acute salpingitis. The appen- 
dix is normal, the right tube 
acutely inflamed and swollen. 

Two cases of massive hematemesis 
admitted to our service this past year 
illustrate this point. The first patient, 
operated upon for bleeding peptic ulcer, 
was found to have a cirrhotic liver. Peri- 
toneoscopy would have spared this patient 
an operation. In the second, a similar 
case, preliminary peritoneoscopy revealed 
a typical hobnail liver, thereby eliminating 
any question of laparotomy. 

Differentiation between Appendicitis and 
Salpingitis. In this group were five 
patients in whom the diagnosis lay between 
acute appendicitis and acute salpingitis. 
Finding normal tubes by peritoneoscopy 
would demand operation unless the ap- 
pendix could be satisfactorily visualized as 
normal. Discovering acutely diseased ad- 
nexae, on the other hand, would make the 
diagnosis of salpingitis and obviate surgery. 

The first patient was admitted while a 
cystoscope was still being used for peri- 
toneoscopy, and was one of two cases in 
which the instrument could not be intro- 
duced into the abdominal cavity. Explora- 
tory laparotomy immediately following 
the unsuccessful attempt revealed little of 
pathology, either in the appendix or tubes. 
The operation and convalescence were 
without mishap. 


The next three cases were completely 
successful. In two, a normal appendix and 
acutely inflamed adnexae were visualized. 



Fig. 4. Illustrating how a hemo- 
stat, poked through the sus- 
pected stab or gunshot w ound, 
will indent and localize the 
underlying peritoneum for 
inspection through the peri- 
toneoscope. 

(Fig. 3.) In the third, although the ap- 
pendix could not be seen, the diagnosis was 
settled by finding acute inflammation of 
the salpinx. 

When the scope had been introduced 
into the fifth patient, free grayish purulent 
exudate was found, both in the pelvis and 
also in the cecal region and extending up 
in the right paracolic gutter. The right 
tube was only moderately injected and 
swollen, the right ovary normal. The main 
inflammatory process appeared to be in 
the region of the cecum, where there were 
plastic adhesions and what appeared to 
be the swollen base of the appendix with 
the remainder well walled off beneath 
loops of ileum. The patient was placed on 
the Ochsner regime and her recovery was 
uneventful. An interval operation four 
months later revealed a deformed, obliter- 
ated appendix with confirmatory^ micro- 
scopical evidence of previous inflammation. 
Tubes and ovaries were not remarkable. 
Although this patient would not have been 
peritoneoscoped if appendiceal peritonitis 
had appeared likely, the procedure in 
this case not only caused no harm, but 
obviated a laparotomy in the presence of 
peritonitis. 
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RuHiii: Po'i'^iblc Pvtulralum in or out in 
Abdominal Cunsbot and Stab Wounds. I 
have cliseiisscd this a|)plit'ation of peri- 
toneoscopy in a previous jraper.'" In 12 t(» 
15 per cent of explorations for ^unshot or 
stab wouml of the abdomen the findings 
are negative. Peritoneoscopy can, in prac- 
tically all cases, answer delinitely the 
(picstion of penetration «)f knife r)r bullet 
and therein eliminate a number of tu-edless 
operations. Figure .} demonstrates hou 
tliis is done. If the pariet.al peritoneutn is 
intact, laparotomy is obviated; if a per- 
foration is found, laparotomy follows. So 
far, peritoneoscopy has been perlormed in 
twelve eases of ciuestioned abdominal 
penetration (nine st;ib wounds .-ind three 
"unshot wounds) and in every inst.ance 
has proved the presence or .absence of 
penetration. Since penetration w.as present 
in only live cases, laparotomy was ren- 
dered unnecessary in the other seven. In 
one other patient with a gunshot wound, 
fluoroscopy revealed that the bullet had 
lodged in the right lobe of the liver, but it 
could not be determined whether or not 
active hemorrhage was present. Through 
the scope the absence of hemoperitoneum 
was assured. 

Eleven of the above thirteen patients 
left the hospital without incident; the 
other two succumbed as a result of their 
injuries. 

In the first of these, the bullet had passed 
through the lower chest and liver and had 
caused e.vtcnsive hemoperitoneum. The 
patient progressed satisfactorily until the 
third postoperative day at which time the 
laparotomy wound disrupted. This acci- 
dent was followed by bronchopneumonia, 
paralytic ileus and exitus on the eighth 
postoperative day. 

Operation in the second case revealed 
perforation of the left femoral artery and 
vein as well as of three loops of jejunum. 
Death came the second postoperative day 
as a result of pulmonary embolism. 

Rupture oj Follicular Cysts of the Ovarx' 
for Uterine Bleeding. Twice in women 
unsuccessfully treated for uterine bleeding 


by hormone ther.ipy and curctt.-ige, rup- 
ture of clinically diagnosed follicular cysts 
of the ov.iry was undert.iken through the 
scope ;is ;i last resort before surgery. It 
was re.isfined that this procedure might 
remove an evcc'-sive hormonal stimulus for 
bleeding. In the first case a small cyst of the 
riglit ovary was overlooked and the p.atient 
subsecpiently underv.ent hysterectomy. 

In the second woman a retention cyst 
in the left ov.iry S cm. in dl.irneter was 
punctured .and 2 ounces of str.iw-colored 
fluid e''C.aped. For si\ months her pre- 
viously severe and prolonged menorrliairi.a 
gave pl.ace to scanty flow and occasional 
“spotting,” and the endometrial biopsy, 
which previously h.ad shown hyperplastic 
endmiietrium, now rcwealed anovulatory, 
h\poplastic endometrium. The patient 
was so well ple.ased th.at when the flooding 
recurred after the six months’ respite, she 
returned for further tre.itment. Re-c.\ami- 
nation through the peritonescopc revealed 
complete absence of the previous cyst and 
small sclerosed, hypoplastic-looking ovaries 
on both sides. A last trial with a new 
lactogenic hormone is being made before 
re.sorting to hysterectomy. 

This last application is included merel\ 
as a suggestion for cases of intractibic 
uterine bleeding before more radical pro- 
cedures are employed. Further trials are 
contemplated as properly selected cases 
present themselves. 

SUM.MARY 

Eighty peritoneoscopies upon seventy- 
five patients with a variety of conditions 
arc summariz.cd. 

The following applications of the peri- 
toneoscope, either new or little exploited, 
are presented: (i) Differential diagnosis of 
jaundice; (2) differentiating between bleed- 
ing peptic ulcer and ruptured esophageal 
varix; (3) differentiating appendicitis from 
salpingitis, (4) deciding whether or not 
gunshot and stab wounds of the abdomen 
are penetrating, and (5) rupture of fol- 
licular cysts of the ovary in women with 
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uterine bleeding and in whom other 
measures short of surgery have failed. 
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In simple uniform goiters of adolescence all the acini contribute to the 
increase in the size of the gland by increasing their colloid content equally. 
The result is an equitable Increase of the gland in all its parts. 



HEALING OF THE OPERATIVE WOUND IN 
SYPHILITIC WOMEN* 

Henry C. Falk, m.d. and Ivan Kempner, m.d. 

Director of Gynecology, Harlem Hospital 
NEW YORK, NEW YORK 


U NTIL recentlj', comparative studies 
in the postoperative course and 
progress of wound healing in the 
syphilitic and nonsyphilitic patient has 
had a limited statistical approach. It was 
the general belief that the sj^philitic patient 
was a poor surgical risk and that the oper- 
ative wounds of these patients were prone 
to delayed union.* It has also been gen- 
erally accepted that these undesirable 
features in the surgical sj'^philitic person 
could be avoided by the use of pre- and 
postoperative antisyphilitic treatment.- 
Menninger,® in 1925, studied twenty-two 
surgical cases with strongly positive Was- 
sermann reactions. He concluded that 
preoperative treatment is desirable and 
postoperative treatment advisable, al- 
though the effectiveness of such treatment 
as an aid to wound healing is undetermined. 

In the same j^ear, Goeckerman* pre- 
sented a study of seventj^-eight cases with 
syphilis, fifty of which had received treat- 
ment, twenty-eight none. He concluded 
that treated syphilitic patients could be 
operated upon with impunity and that old 
syphilitic patients were poor surgical risks 
only in proportion to the tissue damage. 

Scheffey,® in 1931, studied ninety-two 
cases with positive and ninetjf-two cases 
with negative Wassermann reactions. He 
found that there was practicall}’^ no differ- 
ence in the wound healing between the 
positive and negative groups. 

In 1940, Philip® reported a series of 164 
patients operated upon; eighty-three of 
these had old S5^philis and eighty-one had 
no evidence of the disease. All the sj^phil- 
itic cases received six injections of salvar- 
san before operation. It is noted that 


even though these S3'philitic patients w^ere 
treated, thej'^ still showed 9.4 per cent 
more wound infections than the non- 
s^'philitic patients. 

In this study, 4,717 cases, admitted to 
the Gjmecological Service of the Harlem 
Hospital were reviewed. A Kahn test was 
done in 2,815 cases; it was positive in 
i,i 1 1 (39.4 per cent) and negative in 1,704 
(60.6 per cent). 

Of the total 4,717 cases, 1,603 consecu- 
tive laparotomies were performed. The 
great preponderance of operations was 
for pelvic inflammator}^ disease and fibro- 
mj'omas; the remainder for ectopics, ovar- 
ian cysts, tumors and pregnancies in 
tubercular patients. 

From this group of 1,603 laparotomies, 
930 cases that fitted the following criteria 
\vere selected for study: (i) Each case had 
a blood Kahn test made; (2) each case had 
a laparotomj' performed for a g3mecological 
complaint. No other surger3f, except ap- 
pendectom3% was performed at the same 
time. (3) At the time of operation no 
patient showed signs or S3TOptoms of 
primar3'^ or secondary S3^philis. (4) No 
patient received immediate pre- or post- 
operative antis3'philitic treatment. (5) Op- 
erations in which intra-abdominal or skin 
drains were used, were excluded. (6) No 
S3'philitic lesions were incised at the time 
of operation. 

As a rule the histor3^ and ph3"sical exami- 
nation were not sufficient to make the 
diagnosis of S3'philis. Therefore, what has 
actuall3'^ been done is to make a stud3'^ of 
the operative wounds in patients with 
positive and negative Kahn tests. 


From the Gynecological Service of Harlem Hospital, New York City. 
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Of the 930 selected laparotomies, 450 
gave Kahn positive and 480 Kahn nega- 
tive reactions. In the positive group of 450, 
fifty-four (12 per cent) had a one plus 
reaction. To be accurate these tests should 
have been repeated. However, according 
to Kolmer" a faintly positive Kahn reac- 
tion should be considered the first link 
in the chain of syphilitic diagnosis. There- 
fore, these fifty-four cases were considered 
to be positive in this series. It is hoped that 
the weakly positive cases that were actu- 


two-week period had elapsed during which 
time the temperature was normal, the 
blood count normal and the sedimentation 
rate within normal limits. In the Harlem 
Hospital Gynecological Clinic, operations 
were performed on patients with pelvic 
inflammatory disease who had a sedimenta- 
tion rate of 18 mm. in one-half hour. This 
is a shorter time than most clinics employ 
and may be a factor in the fairly high 
incidence of infection that appears in 
Table i. 


Table i 

POSTOPERATIVE WOLND AND THE KAHN TEST 


I Positive Kahn 1 Negative Kahn 
i Cases’! i (4S0 Cases'! 

I ^ 



i No. ; 

1 1 

Per Cent 

1 No. 

‘ 1 

i Per Cent 

1 

1 

Normal wounds 

’ J 

! 363 j 

80.6 

399 

S3. 1 

Collection of serum. 

1 " 5 

... 1 

^ 'Oy i 

10 

2.0S 

Infections 

-4 ! 

16.4 

61 ! 

12. Q 

Dehiscence 

! = i 

0.44 

2 i 

0.41 

Eviscerations* 

' i 

0.22 

5 

I .O! 

Fecal fistulas 

1 3 ^ 

1 ^ f 

0.66 

3 

I 0.61 


* In the entire group of 1,603 laparotomies there 
were eight eviscerations. The presence of six eviscera- 
tions in the 930 selected cases may be misleading, if the 
complete group of 1,603 considered. Five of the 

six c.Tses of evisceration occurred within a short period 
of time (three months'! and were probably due to faulty 
technic. 

ally negative and the negative results in 
chronic syphilitic patients would sta- 
tistically cancel each other. 

In the 930 selected cases, other systemic 
diseases co-existent with the syphilitic 
infection, included tuberculosis, diabetes 
and rheumatic fever. This group is not 
large since practically all these operations 
were elective, and operation was avoided 
where serious systemic disease was present. 

Preoperatively, all cases had complete 
physical examinations, weekly urine exami- 
nations, complete blood counts, sedimenta- 
tion rates and blood pressures. A Kahn test 
was done routinely on admission. 

Patients who had pelvic inflammatory 
disease were not operated upon until 
Simpson’s rules were fulfilled, that is, a 


ANALYSIS or THE SEVENTY-FOLK WOLND INFECTIONS 


IN THE 450 PATIENTS WITH 

Duration in Days 

1-5 

6-10 

ii-i,- 

16-20 

21-23 

26-30 


POSITIVE KAHN TEST 

No. of Cases 

31 

17 

7 

6 

I 

3 


De/ji'scence — 2 Cases, one a reoperative 
case, and one an uncomplicated supra- 
cervical hysterectomy. 

Ei'iscerations — i Case, this occurred on 
the ninth day following an operation 
for fibroids, intraligamentous cyst and 
numerous adhesions. 


Fecal Fistulas 3 Cases. 

1. Fifteenth day — case with adhesions 
between sigmoid and uterus, ovarian 
abscess opened at operation, no 
drainage. 

2. Twenty-second day — fundectomy 
done on patient with pulmonary tu- 
berculosis, postoperative peritonitis. 

3. Ninth day — case with ileum adherent 
to a tubo-ovarian abscess. Serosa of 
ileum sutured. (Cases i and 3 both 
should have had abdominal drainage. 
These were probably errors in surgical 
iudgment.) 

■AN.ALYSIS OF SIXTY-ONE WOLND INFECTIONS IN THE 
4S0 P.ATIENTS WITH .A NEGATIVE KAHN TEST 
Duration in Days No. of Cases 

1-13 16 

6-10 21 

11-15 
1 6-20 
21-25 
26-30 


•4 

7 

I 

I 



fa\k, Kempn«- 

. „ Journal Surgery 

676 

Debisceace a Cases. 

EaiscerCions , Cases. 

f ‘P^aV* 


,Wouncl pritoneal cavity- 

ryp of mto ^^^Pfaevelopeci fecaf 

the escap r^^ve cases tba .^^^as used 

In seveia surg'^af ]tidg , -^^age 

f<arS »S/abdcm.aa'''™ 

no-’Pnf-p-enrs aa»;-j 
appro>:im““^ ^ who had a 

Therefore, ^ „„ negr ptomatie 

were done 'am “Sethor 

positive pTobfem, as ^^gro su 

sYpfiifis-^ . svpfi’d'S III uenigu 

. gfeal pane" pauent, „pta,n 

than in if this is wne. statistics 

eonsideratro^^ bewaa" * and 

the unde dd Wenninger, ^ere 

presented »! aenes ot 

Uers. and „aat- 

presented. gratWe ant'ai P ^^.^av-ed. \n 

'°5Xd S’ °fv .XXp^ 

5£T”*:.r^-».;;:rrt 

lUtic ^’^^^j^j^fections \ ^vas m out 

v/ound inie than u ft has 

Kahn P“"7ea?ed sSP''"'™; “eacinatron 

series of nrUr® there 'Oj" „l>en 

V>een our opmi i^Hfuc mie . -^eu. 

t a dormant treatment 'S 8 ^ 

carried out p treatmen ^ treat- 

a 'Sn eases are referte 

posrtme KaO ^i^eharge, to 
merit, 

Cliiiic- — ^,c 


OCCE"®^''’ 


iscerCions 5 ^^“;;_p^,3,„ectomy and 

Seventh . ^Vrabetie eomm ,,55 

P°fn'’ 

a Fiftfr ehronre 

aseitm ^fibroid uterus 

Eigh* Dai hemorrhagre 

^ salpmS^^^ ^Tous cyst 

*e ovary; ^tatraUganrentona 

4. Fourth Dai 

removed. pendect j 

’• TSfevSt X— 


Fecal Fistulas 3 Cases. be- 

, nav— case ^l^esions 

'• l""* Xus and adne\ae._^ 

tNveen u spiked i ^gus ad- 

sepa’^^^Q ’ _-case Vitb n i^fs”; 

; “tr xx-o-v 

hysterectomy ^„„ember, 

done- ted upon m 

3- ahVged as eure^^ ^ 

^935’ . .admitted to ^ p^tufa. 
rXr' 930 . -th a feca 

orscUSSioN 


Discussio facts 

tarts the fodo'S ''’8 

From these c 

ate noted- as M'eU ^ . erman and 

In this Ccheffeya j Infections 

otbef auAo-’Xce of '^^''Xases s«tb 

E" - V..* 

t’lSticaf sin Tity of , ,(.he duratw 

X'^o^-XXX^eng* ol *';= 

tsXrKs-eofedutrrrx 

Fecal fistu a ca eiherent 

both groups; eeparatm it„„His or 

mstane?J=d, postopera«'e 

loops 01 o 


couctusiosts 
- admissions to Eahn 

'• rVvnecological Sermce^^rb^^ 

Ho^P^"^^?re m 2,815 cases '^ 

test ivas don ‘'^''^p-.ccut'ive fapa' 

tive’in iri^J °dred thirty consec 

2 . ^'"^^hat^fttted certain c ^^i,^ 

tommies tha e cas ,,as 

SXas poXe, and 

negative- 



Fclllvj I^CnipnCr Wound Hculing American Joumal of Surgerj’ 


New ScKins VoL. HV, No. 3 

3. In the Kahn positive group, the per- 
centage of wound infections was 16.4 per 
cent. In the Kahn negative group it was 
12.9 per cent. 

4. Eviscerations and fecal fistulas had 
no apparent relation to the presence of 
syphilis. 

5. The presence of latent syphilis, 
treated or untreated, presented a slight 


additional risk as far as wound healing 
and morbidity were concerned. 
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Goiters in children show certain similarities and differences which 
in a measure distinguish them from goiters in the adult. As is so often 
true with the diseases of childhood, goiters in children appear in the simplest 
form, uncomplicated by other diseases; and, particularly important in the 
study of goiter, they are uninflueneed by emotional states. 



CONGENITAL DUODENAL OBSTRUCTION 


Russell O. Lyday, m.d. 

Surgeon to the Wesley Long Hospital 
GREENSBORO, NORTH CAROLINA 


C ONGENITAL anomalies of the 
intestinal tract are frequently en- 
countered by pediatrists, roentgen- 
ologists and surgeons. In reviewing some 
of the literature written on this subject, 
the writer finds a great number of articles 
on malrotation of the mesentery, atresias 
and congenital bands which are the most 
frequent causes of congenital duodenal 
obstruction and also obstruction at various 
levels of the intestinal tract. 

Since these abnormal conditions affect 
the intestinal tract at various levels and 
often in multiple sites, particularly in 
babies, every case encountered is a problem 
of absorbing interest. Although the final 
results in the treatment of these malforma- 
tions are discouraging in a high percentage 
of cases, one should always entertain the 
hope that such obstructions may lend 
themselves to correction by relatively 
simple or safe surgical procedures. Accord- 
ing to Webb and Wangensteen the first 
case of intestinal malformation was re- 
ported by Calder in 1773. 

Simpson suggested faulty development 
of the sympathetic nervous system of the 
gastrointestinal tract as a cause of con- 
genital anomalies. Segmental arrest of 
developmental accidents, such as intus- 
susception or volvulus, failure of develop- 
ment of, or decrease in sufficient blood 
supply to certain segments, and fetal 
disease, such as peritonitis or localized 
enteritis, were also enumerated by him as 
theories. 

Haymond and Dragstedt divide the proc- 
ess of intestinal rotation into three stages : 

“During the fifth and tenth week of 
intrauterine life while the mid gut lies in 
the umbilical cord, the intestine increases 
rapidly in length forming an S-shaped 
flexure. 


“The second stage is completed by the 
tenth to the eleventh week as the mid gut 
is returned to the abdominal cavity and 
the cecum reaches the right groin. 

“The third stage is concerned with the 
fixation and fusion of the various portions 
of the intestine in their adult position.” 

Since Ladd published a series of cases 
successfully operated upon for malrotation 
of the small intestine in 1932, many authors 
have reported instances of this anomalous 
condition corrected b}- the method de- 
scribed by him which consists of untwisting 
the volvulus and severing the extrinsic 
bands attached to the upper jejunum and 
terminal ileum. 

Elam reported three cases of duodenal 
obstruction due to an entire volvulus of 
the small intestine and congenital bands 
occluding the upper jejunum and terminal 
ileum. He expressed the belief that the 
defect was a failure in the third stage of 
intestinal rotation associated with an 
attachment of the terminal ileum to the 
upper jejunum in the left upper abdomen. 
All three of his patients were cured by 
carrying out Ladd’s procedure. 

CASE REPORTS 

Case i. Babj' R. T., male, aged six weeks, 
was admitted to Sternberger Children’s Hos- 
pital on the pediatric service of Dr. M. Y. 
Keith, with whom the writer saw the patient in 
consultation on November 5, 1934. The child 
was marked!}^ undernourished and extremeh' 
dehydrated. Although this baby was normal 
at birth, and weighed nine pounds when he 
began to vomit on the tenth day, his weight had 
varied during the periods of vomiting and 
periods of relief until it had decreased to six 
pounds and three ounces at the time of admis- 
sion. Obstipation was associated with these 
attacks of vomiting, no results being obtained 
with laxatives or with enemas. The vomitus 
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consisted of food wliich had been taken from a jejunum several dense bands of adhesions were 
few minutes to three or four hours previously, found constricting the intestine. Upon division 
It was frequently bile-stained. of these bands a loop of distended jejunum was 



Fin. I. .x-r.-iy pliotograpli before operation; n, film made nearly si\ years after 

operation. 


After sudicient parenteral fluids in the form 
of Hartmann’s solution and transfusions of 
blood had been administered, a gastrointestinal 
study was made by Dr. B. E. Rhudy. During 
this study the stomach and duodenum were 
found greatly dilated, the barium stopping 
abruptly in the duodenojejunal area. Serial 
plates, however, showed that some of the 
barium passed through this constricted area 
into the lower small intestine but much of it 
was regurgitated and a considerable portion of 
the meal remained in the stomach at the end 
of six hours. 

Following this x-ray study, apparently as a 
result of the heavy material ingested, the baby 
ceased to vomit and began to have fairly nor- 
mal bowel movements. Because of this im- 
provement in the patient’s condition he was 
allowed to leave the hospital. 

Two weeks later, however, the vomiting and 
obstipation recurred, resulting in a very rapid 
loss in weight and strength with marked dehy- 
dration. At this time he weighed only six 
pounds and twelve ounces. A'-ray studies again 
showed definite obstruction in the duodeno- 
jejunal area which is seen in the accompanying 
-v-ray photograph in Figure i. 

After the usual preoperative measures, an 
exploratory incision was made with the follow- 
ing findings: The stomach and entire duodenum 
were greatly enlarged and distended with gas. 
At the junction of the duodenum with the 


found herniated into the supraduodenal fossa 
with constriction of both barrels of the loop by 
the bands, causing an almost complete obstruc- 
tion. When these bands of adhesions were 
divided the loop was released. Following this 
procedure there was distention of the jejunum 
below this point. 

In the region of the lower ileum, however, 
the mesentery was found twisted, was approxi- 
mately one inch thick and contained x’eins as 
large as a lead pencil; this, with a brawny color 
to this portion of the gut, suggested an obstruc- 
tion to the return flow in these vessels. Evi- 
dently this was a result of a fixed mesentery 
which had failed to rotate. A portion of the 
ileum passed under this thickened mesentery 
and, although it could not be readily traced, it 
appeared partially obstructed by thick bands of 
adhesions above the point of entrance and at 
the exit where it tunneled under the mesentery. 
It was not possible to rotate the mesentery 
because of its fixation to the posterior abdomi- 
nal wall. The cecum and appendix were in the 
normal position. 

At this stage of the operation the patient 
ceased to breathe but after stimulants were 
given and the hugely dilated stomach deflated 
by knife puncture respiration was resumed. 
His condition continued to improve and he left 
the operating room in fair condition. 

With the exception of one period of vomiting, 
obstipation and formation of a fecal impaction 
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Fig. 2. A, film taken seven hours following u barium meal 
before operation; b, \-ray three and one-half months 
following operation. 
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a few days after operation, convalescence was 
normal. At the present time, July, 1940, this 
patient is robust and apparently well, having 
been free from any gastrointestinal disturbance 
since his discharge from the hospital. 

Case 11. C. F., male, aged twenty, was 
admitted to the Wesley Long Hospital on 
April 5, 1940, because of empyema and attacks 
of vomiting. The empyema resulted from a 
lower left lobectomy for infected congenital 
cysts of the lung. 

Since the age of ten he had suft'ered with 
occasional attacks of heartburn, sour stomach, 
eructations and periods of persistent vomiting. 
Although the heartburn was relieved by soda, 
there were no other symptoms suggestive of 
peptic ulcer. For the past six months these 
attacks of vomiting lasted from one month to 
six weeks. 

Upon examination he was found to be de- 
hydrated, emaciated and weighed about 
seventy-five pounds. The empyema was satis- 
factorily drained but vomiting of all food 
continued. 

A'-ray examination by Dr. E. D. Apple 
showed an obstruction of the descending loop 
of the duodenum. The stomach was low and 
atonic. 

Following the usual preoperative prepara- 
tion, abdominal exploration was performed 
April 24, 1940. The duodenum, in its first and 
second portions, was about two inches in 
diameter. Because of the patient’s precarious 
condition it seemed unwise to attempt exposure 
of the third portion of the duodenum which 
contained the obstructive lesion. The duodeno- 
jejunal angle was not Involved. Therefore, a 
posterior duodenojejunostomy was performed, 
following which an uneventful convalescence 
ensued. Complete relief with a rapid gain in 
weight followed this procedure. 

DISCUSSION 

In one of the cases cited in this paper 
there was an apparent malrotation of the 
small intestine but the peritoneal attach- 
ments were so firm and the mesentery so 
short or absent in the lower ileum that 


untwisting was not possible. However, 
this congenital defect evidently did not 
interfere seriouslv with the lumen of the 

v/ 

lower ileum since no further symptoms of 
obstruction have occurred wdthin a period 
of six years following the operation. 

The nature of the obstructing lesion in 
the second patient is not known. Although 
it is possible that contraction from an old 
ulcer in the third portion of the duodenum 
may have been the cause of obstruction, 
no definite ulcer symptoms could be 
obtained. Both the history- and location 
of the obstruction lead the writer to believe 
that the obstruction in this patient was 
due to a congenital lesion. 

SUMMARY 

Two cases of upper intestinal obstruc- 
tion are presented. In one patient there is 
no question but that the obstruction was 
of congenital origin because of the findings 
at operation and the fact that the symp- 
toms dated back to within ten days of 
birth. Also, other congenital anomalies of 
the intestinal tract wdth arrested rotation 
of the mesentery Nvere found at operation. 
In the second case there is much evidence 
that the obstruction is also of a congenital 
nature because of the history and the fact 
that this patient had congenital pulmonary 
cysts which required lobectomy. 
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POSTOPERATIVE EVISCERATION* 

A RESUME OF THE LITERATURE AND REPORT OF FIVE CASES 
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O UR interest in wound disruptions 
was stimulated by the occurrence 
of five cases on the gynecological 
service of Harlem Hospital within a two- 
month period. These were the sole dis- 
ruptions observed in 1,543 consecutive 
laparotomies during a three-year period. 
Many terms have been used in the litera- 
ture for this condition such as, (a) post- 
operative evisceration, (b) dehiscence of 
abdominal wound, (c) broken-down ab- 
dominal wound and (d) postoperative 
rupture. This paper is concerned onlj'^ with 
those in which there were actual protrusion 
of the intestines or omentum. 

A study of the literature shows that the 
suggested etiological factors may be 
grouped as follows: (i) Increased intra- 
abdominal tension; (2) Jaulty technic, (a) 
faulty material, (b) improper closure of 
peritoneum, (c) drainage, (d) tj-pe of 
incision, (e) factors attributed to the 
surgeon; (3) metabolic disturbances, (a) 
diabetes, (b) malignancy, (c) syphilis, 
(d) other maladies with toxemia, (e) 
nutritive anemis, and (4) allergy. Most 
writers consider evisceration to be due to 
a combination of factors rather than to 
one single cause. Their theories will be 
considered under the heading upon which 
they lay most stress. 

INCREASED INTRA-ABDOMINAL TENSION 

Milbert agrees with Freeman, that 
emphasis on the etiological importance of 
age, sex, seasonal incidence, primary illness 
and allergic phenomena is “begging the 
question.” Disruptions represent a failure 
of the suture line to hold, whether due to 
suture material or to abuse, with associated 


increase in abdominal pressure. Without 
the factor of excessive intra-abdominal 
pressure, an inherently weak wound might 
escape disruptions. 

In a series of 7,892 laparotomies, H. 
Koster and L. R. Kossman believed that 
cough causing increased abdominal pres- 
sure was a disruptive factor in fourteen 
of the seventeen cases. Glasser states that 
in 3,234 laparotomies increased intra- 
abdominal pressure was the primary factor 
in eight cases of evisceration. 

Many investigators have attributed evis- 
ceration to increased abdominal tension. 
Cough, (Koster), distention, (Colp), hic- 
cough and sneezing, (White), all of these 
raise intra-abdominal pressure and place 
a strain upon the suture line. Patients 
(Jenkins) who are delirious or unruly, 
who get out of bed shortly after operation, 
who thrash about, who are difficult to 
control while coming out of anesthesia all 
put an undue strain on the incision. Two in- 
stances of audible breaking of the suture 
under such circumstances have been re- 
ported by Ries. 

FAULTY TECHNIQUE 

I . Faulty Material. The controversy of 
absorbable versus nonabsorbable sutures 
arises quite frequently in discussions re- 
garding the prevention of postoperative 
evisceration, however, disruptions have 
been found to occur regardless of whether 
wire, linen, silk, silkworm or catgut is used. 
Reis has had an excellent record in a 
limited series of cases in which he used 
silver wire to close the abdomen of patients 
whom he considered potential candidates 
for disruption. The same technic in the 
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hands of others has not been without 
mishap. The advocates of the silk technic 
state that silk is less likely to result in 
disruption than catgut. The majority of 
the cases with disruption (273) reported 
by Sokolov followed the use of silk. Linen 
offers no guarantee against disruption 
(Jenkins). 

Since there is no legal standard of catgut 
gauge and strength in the United States, 
most companies have adopted the Federal 
specifications* as their standard: 

The holding power of the suture is 
dependent on the tensile strength of the 
suture and the strength of the tissue in 
which it is placed. It is only in fascia that 
the holding power of tissue is greater than 
the strength of the finest catgut. (Fig. 1.) 

Howes and Har\-ey did experiments on 
animals to determine these factors. Some 
of their conclusions were as follows : 

* Catgut ligature shall be contained in tubes made 
of transparent clean glass tubing of good quality and 
uniformity of wall material. Tubes when sealed, shall 
measure 95 to no millimeters in outside length and 
from 10 to 12 millimeters in diameter. Each tube shall 
have engraved at or near its center an encircling frac- 
ture mark of proper depth to enable the tube to be 
broken evenly at the fracture mark without undue 
twist, introduced in the tube in a manner to allow the 
top loop of the coil and the fracture mark to facilitate 
removal of ligature. Each tube shall contain one strand 
of sterile catgut ligature in the tubing fluid specified. 

“Each tube shall contain a sufficient .amount of 
tubing fluid to cover completely the coiled catgut when 
the tube is held in vertical position. 

“This tubing fluid sh.all be stable under sterilizing 
tests as described below, non-toxic and anhydrous and 
shall contain no substance which will have a deleterious 
efl'cet upon the breaking strength of the ligature, even 
after the lig.ature has been stored for an indefinite 
period. The breaking strength of the catgut shall be 
determined immediately after autoclaving the tube for 
thirty (30) minutes at i20°c. 

“Each carton containing tubes of boilable catgut 
ligatures sh.all be plainly marked with the manufac- 
turer’s control (lot) number, in order to identify the 
lot in the manufacturer's original and permanent record 
of sterilization, and such records shall be open to 
government inspection.” 

This specification has no legal status but it is the 
specification which is followed by the various agencies 
of the Federal Government in the purchase of catgut. 

The function of a suture is to hold tissue in position 
until the healing of a wound makes such artificial sup- 
port unnecessary-. When this purpose has been accom- 
plished, the material employed should be absorbed and 
if not absorbed should be inoffensive. 


Table i 
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No. o — 20-day chromic catgut 
^ . No. 00 — 20-day chromic catgut 

No. 3 — 2o-day or 40-day chromic catgut 

No. 2 — plain 

_{,_o_o_o-o- Tensile strength of wound 
Fig. I. Relation of decreasing tensile strength of catgut 
to increasing tensile strength of wound. (.\Iodification 
of graph by Howes and Hary-ey.) 


1. There is a “lag period” of between 
four and five days, when the strength of a 
wound is merely that of the fibrinous 
adhesions on the surface of the wound. 
The tensile strength of a wound which is a 
measure of the proliferation of the fibro- 
blasts begins to rise abruptly at the end 
of this time and approaches the maximum 
strength of a wound in ten to twelve da3's. 

2. The relation of the decreasing tensile 
strength of catgut to the increasing tensile 
strength of the wound is shown in Figure i . 

3. Catgut, being a foreign bod^-, even 
in small amounts, causes some degree of 
reaction in the tissue in which it is em- 
bedded. It possesses an advantage over 
nonabsorbable sutures in that it is capable 
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of digestion and by this process ultimately 
disappears. 

4. When infection is present or occurs 
during the healing of a wound, the diges- 
tive process is intensified so that the gut, 
irrespective of the degree of chromatization, 
rapidly disappears, with an early loss of 
healing power. Under the same circum- 
stances the nonabsorbable suture acts as a 
persistent nidus of infection which eventu- 
ally leads to its extrusion. 

5. The chromic catgut of one manu- 
facturer showed complete loss of tensile 
strength within six days, regardless of size 
or whether it was of the twenty or forty- 
day variety, emphasizing the importance 
of knowing the material being used. 

6. Foreign bodies and flaws in many 
brands of catgut are found apparently 
due to splicing of the catgut and to bending 
of brittle “boiiable” catgut in narrow glass 
tubes (Kraissl). These imperfections appre- 
ciably' alter the rapidity of loss of tensile 
strength. 

Harvey and Howes have shown that 
the tissue reaction is in proportion to the 
amount of catgut used. Therefore, the 
least amount of gut necessary to hold 
the approximation of the tissues until the 
wound gets sufficient strength to take over 
should be used. A comparison of the 
velocity curve* of the healing wound and 
the curve of the disappearance of catgut 
embedded in tissue, shows No. o twenty- 
day chromic catgut satisfies all require- 
ments of the stitch in fascial and connective 
tissue layers. Even finer gut than this is 
sufficient for those structures in which the 
holding power of the stitch is less. 

Bowen* also states that the use of finer 
grades of catgut is advantageous, although 
nonabsorbable sutures in selected cases are 
advised. 

Wolff and Priestly in their Investigation 
of the absorption of catgut in the human 
found this: (a) Contrary to the genera! 
belief, drainage and suppuratory wounds 
do not cause early absorption of catgut, 
(b) Individual variations in the absorption 

* Am. J. Surg., 47- 3. '940- 


time of catgut occur normally, (c) Certain 
brands of catgut consistently last longer 
than other brands, fd) Small sizes of 
catgut last as long or longer than large 
sizes. Single strands of catgut last as long 
as double strands, fc) Labels indicating the 
length of time necessary for absorption of 
catgut arc entirely fallacious insofar as 
the human being is concerned. 

Improper Closure oj Peritoneum. Free- 
man in pioneer experimental work, demon- 
strated that faulty technic can adequately 
produce evisceration in the absence of 
other factors. An omental plug is wedged 
into a gap of the suture line of the peri- 
toneum and gradually works its way out. 
Thus a rupture occurs from within out- 
ward. Since peritoneum seals over within 
a few hours, the process of evisceration 
must begin soon after operation. This 
leads one to believe that a careful closure 
of the peritoneum prevents evisceration, 
although Jenkins believes that omentum 
is more protective than causative. 

A variety of factors resulting in improper 
peritoneal closure and escape of the 
omentum plug have been suggested: (i) 
Infection, (2) improper hemostasis, (3) in- 
terposition of fat, (4) improper apposition 
of tissue planes, (5) tissue necrosis due to 
rough operation and mass ligation, (6) 
peritoneal sutures too unduly spaced, and 
(7) multiple perforations of the peritoneum 
due to improper relaxation, improper 
placement of sutures, etc. 

Type of Incision. Many authors have 
suggested various types of incisions to 
avoid fascial and muscular strain on the 
healing wound, (Singleton and Blocker). 
However, eviscerations have occurred 
in every type of incision including 
McBurney,* although Boland states that 
lower abdominal incisions, particularly 
those in the midline are extremely sus- 
ceptible to disruption. 

Drainage. According to Colp, the inci- 
dence of disruption in drained cases is 
1.22 per cent as compared to .84 per cent 

* Maes, Bovce and McEstridge. Am. Surg., 100: 
968, 1934. 
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in undrained cases. Drainage often implies 
suppuration and, particularly if a con- 
tinuous suture is used, early dissolution 
of the catgut may result in evisceration. 
Therefore, a separate stab incision or, if 
this is not feasible, interrupted sutures are 
advised. The presence of a drain enhances 
bacterial spread from the skin into the 
wound (Jenkins). In the emergency service 
at the Knickerbocker Hospital in New 
York City, it was the practice with bad 
appendices to suture only the peritoneum 
and posterior sheath. These patients healed 
very well and none eviscerated, although 
it has been repeatedly stated that infection 
hastens the rate of digestion of catgut 
sutures. 

Mechanical Damage. The injury to a 
continuous catgut suture in the anterior 
sheath by the cutting action of a tightly 
made tension suture has been mentioned. 
The tightening up of a continuous suture 
with a needle holder or hemostat results in 
local damage to the catgut which not only 
weakens its tensile strength, but also 
renders the catgut more vulnerable to the 
digestive action of the tissue at the point 
of local damage. 

Improper handling of bollable catgut by 
the operating room nurse alters its tensile 
strength. When this type of catgut is 
removed from the tube it is very brittle 
and nonpliable. 

If catgut is extended without “wetting” 
there is likelv to be some degree of frac- 
taring at the point where it has been 
previously bent. On the other hand immer- 
sion into verA’ hot water results in a marked 
decrease of tensile strength. 

DISTURBANCES 

It has been a common observation that 
elderly patients suffering from chronic 
sepsis, cachexia, malnutrition, A'itamin 
deficiencies and particularly carcinoma are 
particularly prone to wound disrup- 
tion (Colp, Jenkins, Grace, Whipple and 
Elliott). The knowledge of the biological 
and nutritional factors involved in wound 
healing is scanty, although it seems obvious 


that the above mentioned factors must 
play some significant role. 

E. Von Graff reports four successive 
cases in which sugar tolerance tests re- 
vealed a diabetic condition. Greenhlll was 
able to induce normal healing in a diabetic 
patient with an unhealed wound by the 
use of insulin. Contrary to their beliefs, 
Bettman and Lichtenstein found only six 
cases of cancer in thirty-two eviscerations. 
Boland observed that the incidence of 
evisceration in colored patients who were 
poorly nourished and often luetic was 
extremely low. 

ALLERGY 

J. Kraissl et al. have done interesting 
work concerning the relation of catgut 
sensitivity to a wound. They present 
evidence that sensitivity of the individual 
to one or more of the specific constituents 
of the suture material may be a cause of 
its premature absorption. In eleven ani- 
mals sensitized to plain catgut, three 
disrupted their abdominal wound, two 
showed definite abnormal wound healing, 
while six healed normally. In the group 
of eight sensitized to chromic acid, three 
disrupted, three showed abnormal healing 
and two healed normally. These results 
are in marked contrast to the control 
animals in whom no disruptions and only 
one abnormal healing occurred. In a 
clinical study of thirty' cases of wound 
disruption the following was found: (a) 
Catgut practically gone, chromic catgut 
disappeared; (b) of five patients who 
disrupted and who had a history of allergy, 
all showed evidence of sensitivity, while 
52 per cent of those who gave no history 
of allergy gave immunological evidence of 
allergy. 

Grotia and Gilson and Tripp have 
reported cases of disruption in whom 
allergic response to catgut seems to be the 
primary factor. Frugoni, however, has 
attempted to disprove this theory. 

L. S. Fallis has called attention to the 
marked seasonal incidence of dehiscence, 
this complication apparently occurring in 
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the winter and summer months. The 
clinical picture in the non-infected cases 
suggests a possible allergic reaction in his 
opinion. 

In a series of 1,543 consecutive lapa- 
rotomies on the gynecological service of 
Harlem Hospital, New York City, during 
a three-year period* there were five cases 
of postoperative evisceration. 

Sex. These cases occurred on the gyne- 
cological service. 

Age. The age varied from twenty-three 
to forty-five years. These cases occurred 
in the third decade of life. The average 
age was 34.6 years. 

Age in Years Number of Cases 

23 < 

3 ' ' 

36 I 

38 > 

45 ‘ 

Incidence. The incidence of disruption 
in this series was 0.3 per cent. The inci- 
dence compares favorably with those of 
various writers. 

Per Cent 

Boland 0,28 

Sokolov 2-3 (European st.atistics) 

Bettman and Lichenstein ... 0.4 

Koster and Kassman 0.22 

L. S. FalHs 0.6 

Compilation by Bowen 0.49 

Incision. The incision in all the cases 
was a lower abdominal, left paramedian 
incision. 


Table i 


Case 

No. 

Disease ^ 

1 

1 

1 

i No. 

j 

I 

Ruptured ectopic 

i 

1 I 

2 

Uterine fibromyomas and fibromyoma 
with twisted pedicle ! 

' I 

j 

3 

Exploratory laparotomy Cuterine preg - 1 
nanev — error in diagnosis) 

1 ' 

4 

Fibroid uterus, chronic salpingitis, hemor- 
rhagic cyst of right ovaiy 

‘ 1 

5 

Fibromyoma of uteri and intraligamen- j 
tary fibroid 

] 

1 


* The last three years have been chosen, because the 
same staff of operators were in charge. 


Table 11 

OfEnATlVE PnoCEDURE AND DAV OF DISRL'PTIO.N 


Gisc 

No. 

Procedure 

Day of 
Disrup- 
tion 

, 

Right salpingectomy 

Third 


Supracervical hysterectomy 

Fifth 

3 

Appendectomy i 

Eleventh 

4 

Supracervical hysterectomy with sal- 
pingo-oophorcctomy and appen- 
dectomy 

Ninth 

5 

i 

Supraccrx'ical hysterectomy and re- 
moval of intraligamentaiy fibroid 

1 

Fifth 


Prerious HL'.torx'. One patient had an old stab wound 
of the abdomen. The other patients gave no history 
of previous operations, .asthma or any form of allergy. 

Season. AH the cases occurred in the spring of the 
year. 

Anesthesia. Avertin and ether inhalation anesthesia 
were used in all cases, except Case i for whom ether 
inhalation alone was employed. 

Day of Disruption. These cases were prepared very 
carefully for operation and svere in the hospital from 
ten to twenty-one d.ays before operation. Case i was 
an exception, due to her condition of emergenct- as a 
ruptured ectopic. 

LABORATORY DATA 


Case 

No 

1 Age 

R.B.C 

W.B.C. 

Hr. Per 
! Cent 

Sed. 

Time 

' BI. 

1 Sugai 

1 

3 » 

2,910,000 

24,000 

55 


i 

2 

38 

3 , 400,000 

12,000 , 

65 , 

Normal 

1 83 

3 

! 23 

3,500,000 

10,200 

6,- 

Normal 

1 80 

4 ! 


, 3, "00,000 } 

8,600 ! 

"O ^ 

Normal 

! 90 

5 

I 

4 > 

3.500,000 

9,200 

60 ' 

Normal 

I rS 


I I 



Case 

No. 

, — Urena 

i Great. 

1 

Urine 

Kahn 

Bl. Press. 

i 

J Kidney 
' Function 

, 

■ 1 

Neg.* 

t 

Neg. j 

56/40 

’ 

2 

. I.I , 9-2 

Alb. 

N'eg. 1 

118/80 

Good 

3 

1 t.2 15 

Ncg. 

Neg. 

104/-4 

' Good 

4 

1 «.4 >6 

Neg. ' 

Neg. , 

100/65 

; Good 

5 

1 1.1 1 82 

1 

Neg. 

1 

t 


* Good 


* Emergency. Complete u'ork-up could not be done, 
t In testing kidnej’ function, the Mosenthal, P.S.P- tests and 
blood nitrogen were done. 

JThis was on admission and came down to within norma! 
limits before operation. 

Anj' anemia was corrected before oper- 
ation. 

In these cases it is significant to notice 
the absence of any disturbed carbohydrate 
metabolism, malignancy or malady^ of a 
wasting nature. Although the percentage 
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of syphilis among our patients is quite 
high only one disrupted case was luetic. 

Closure oj Abdomen. The abdominal 
wound was closed in layers with continuous 
plain catgut No. 2 suture for the peri- 
toneum, continuous chromic catgut No. 2 
suture for the fascia, four retention sutures 
(nonabsorbable) placed on two rubber 
bolsters, one on each side of incision and 
the skin closed with michel clips. In Cases 
No. 3 and No. 4 the peritoneum was 
sutured with separate double sutures of 
fine chromic catgut No. 0-0. 

Clinical Course. The average time of 
disruption was the sixth day. Case No. 2 
disrupted on the third day and showed no 
postoperative abdominal distention. On 
the second day, her dressings were soaked 
with an ammoniacal smelling fluid. On 
the third day postoperatively the wound 
was found gaping apart and a wad of 
ommentum protruding from the upper 
angle of the wound. Upon seeing this, one 
cannot but think of Freeman’s theory. In 
Case No. 2, that disrupted on the fifth 
day, a blood-stained fluid was noticed on 
the dressing on the third day postoper- 
atively. This wound was inspected at this 
early date because of the severe pain of 
which the patient complained. Proper 
interpretation of this serosanguineous dis- 
charge would have made the diagnosis at 
this time. In Case No. 3, sneezing, cough- 
ing, vomiting and marked abdominal 
distention occurred. Gastric lavage was 
employed. On the sixth postoperative day 
the patient began to improve. At the time 
oi disruption, the patient was apparently 
comfortable. This case disrupted at the 
latest date in this series, the eleventh 
day. In Case No. 4, evisceration occurred 
on the ninth day. Postoperative conva- 
lescence was uneventful, except for the 
complaint of pain in the site of the incision 
since the second postoperative day. 

In case No. 5, which disrupted on the 
fifth day, the patient began to cough on 
the first postoperative day. The diagnosis 
of a postoperative pneumonia was con- 
sidered. The patient was treated accord- 


ingly and began to improve. The abdomen 
remained soft. On the fifth day, the skin 
clips were removed. After supper that day, 
the patient vomited twice. One and one- 
half hours later she went into shock. 
Examination of the wound at this time, 
showed an evisceration. Whether the 
vomiting was due to the disruption or 
caused the disruption is speculative. 

The most frequent symptom presented 
by these cases, was pain at the site of the 
abdominal incision. In one case, the patient 
felt “something give way” which subse- 
quent observation of the wound confirmed. 
In four cases the presence of wound 
evisceration was first noticed when the 
dressings were changed and the wound 
inspected. In two cases, the presence of 
serosanguineous drainage on the dressings 
was the first suggestion of disruption. In 
two cases, the wound disruption occurred 
shortly after the removal of the tension 
sutures. 

Abdominal tension was absent or negli- 
gible in four cases. The one case with 
abdominal distention eviscerated on the 
eleventh day, the latest date in this series, 
and then after the abdominal distention 
subsided. 

Allergy. In all cases skin tests for 
catgut allergv were negative. 

Operative Findings. At the time of 
disruption, none of the wounds showed 
any obvious signs of infection. In Case 
No. 2, careful inspection of the wound 
revealed the knot of catgut at the upper 
angle of the peritoneum and the knot of 
catgut at the middle of the wound. The 
lower half of the peritoneum which had 
been sewed with a separate strand of 
catgut was intact. In Case No. 3, the 
wound was clean and no catgut was seen. 
The upper half of the peritoneal wound 
was open and through it was protruding a 
loop of small intestine. The lower half of 
the peritoneum was well healed. In Case 
No. 4, the entire wound was disrupted and 
the intestines pushed out. The wound was 
clean, that is, no visible suppuration was 
present. No sign of the catgut sutures was 



688 


American Journal of Surgery 


Bobrow — Evisceration 


Dccemder, 1941 


present. In Case No. 5, the middle portion 
of the wound was found gaping and the 
skin clips in this region open. Upon remov- 
ing the remaining skin clips a wad of 
omentum, about 2 cm. square, was found 
protruding from the upper angle of the 
wound. Upon raising this omentum, sev- 
eral loops of small intestines were found 
occupying the entire area of the incision. 
The wound was apparently clean. 

It is interesting to note that in this 
series of cases, all the eviscerations started 
in the upper half of the peritoneal wound. 

In brief, an examination of the disrupted 
wound showed no gross infection, a total 
absence of catgut and apparent deficiency 
in peritoneal healing. 

Diagnosis. Pink staining observed on (he 
dressing of the wound, in greater or lesser 
amount, is the earliest and most character- 
istic sign of wound disruption. It has been 
observed as soaking through the overlying 
dressings into the covering sheets. The 
discharge which is peritoneal fluid should 
not be disregarded if an early diagnosis of 
disruption is to be made. Pain is the next 
most important symptom, especially if it 
is referred to the wound after a fit of 
violent coughing or vomiting. In the pres- 
ence of either of these symptoms the wound 
should be carefully observed for wound 
disruption. If the skin Is apparentl}-^ 
healed, it may be opened for inspection. 
Although sudden shock or symptoms of 
intestinal obstruction have been said to 
occur, they were not observed in this series. 

DISCUSSION 

Freeman’s theory of inaccurate closure 
of the peritoneum seems most plausible 
as the primary factor in this series of 
patients. It is well known that the peri- 
toneum seals over in a few hours and is 
remarkably elastic tissue. It would seem 
that any suture material capable of holding 
the peritoneum together during this brief 
period would be sufficient to prevent 
evisceration, although it might not be 
sufficiently strong to prevent postoperative 


herniation. Suggestive findings were those 
of Cases 2, 3, 4 and 5. 

The question of faulty sutures was 
considered immediately after the first 
evisceration. The entire stock of catgut 
sutures was replaced with a fresh supply. 
Following the occurrence of the third 
evisceration, the plain catgut suture for 
the peritoneum was changed to a double 
suture of No. 0-0 chromic catgut. However, 
two disruptions occurred following the 
change of technic. The technic employed 
was otherwise unchanged. 

Even though there was no visible suppu- 
ration present in any wound, the possi- 
bility of a low grade or nonpurulent infec- 
tion cannot be excluded. 

The factor influencing disruptions seem 
largely attributable to the surgeon and 
his technic. Improper closure of the peri- 
toneum with widely spaced sutures allows 
the immediate protrusion of a piece of 
omentum or gut through the peritoneum. 
Serum is thrown out by the ensnared 
omentum or gut which causes rapid diges- 
tion of the catgut and retards the fibro- 
plasia in the healing wound. This is a 
direct cause of evisceration. 

Knots, poorly tied, may unravel imme- 
diately after laparotomy, before the peri- 
toneum has had a chance to seal over. 
The omentum or gut is pushed through, 
with a resulting beginning evisceration. 
When sutures are equally spaced on either 
side of the peritoneal incision, the peri- 
toneum under a sudden strain may tear 
as a stamp tears along its perforations. 
The use of bulky catgut in suturing the 
peritoneum leaves a weakness at the needle 
puncture, which may tear when a sudden 
strain is exerted on the wound. Bulky 
suture material causes more severe tissue 
reaction with a resultant edema, which 
interferes with the mechanical healing of 
the peritoneum. The grasping of the peri- 
toneum with large clamps causes a devital- 
ized area at the site of clamping. A suture 
passed through such areas will tear out 
very rapidly, leaving a nidus for eviscer- 
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ation. It is preferable to use allis clamps 
which materially reduce this danger. 

When a patient has a secondary suture 
of a disrupted wound and recovers, there 
seems to be no further interference with 
wound healing. This is quite remarkable, 
considering the fact that through-and- 
through sutures are usually used, which 
must result in less accurate approx'imation 
of tissue than the layer-to-Iayer method. 
There seems to be two probable explana- 
tions; (a) That the engorged, thickened 
omentum lying immediately beneath the 
peritoneum, acts as a shield; and (b) That 
the process of wound healing, the so-called 
“lag period” has been prolonged. How- 
ever, by the time the secondary suture is 
done, this “lag period” is in its final stage 
and the process of healing continues 
uninterruptedly. 

If the peritoneum is properly sewn, the 
catgut suture, unless it is fractured or 
abused, will have sufficient tensile strength 
to hold the peritoneum together during the 
short period of time necessary to seal it. 
It would seem that too much catgut, bulky 
or faulty, poor hemostasis and improper 
handling of the wound, would cause 
retarded wound healins;. Under these 
circumstances increased intra-abdominal 
pressure and strain on the wound may 
result in postoperative herniation instead 
of evisceration. 

The great majority of wound eviscera- 
tions even in patients whose pathological 
status is reported as conducive to this 
catastrophe, can be prevented by thorough 
application of the knowledge of wound 
healing. The careful and accurate approxi- 
mation of the peritoneum which is para- 
mount in the prevention of postoperati^'e 
disruptions, entails the following: (i) The 
use of fine, round needles; (2) No. 00 
plain or chromic catgut; (3) proper place- 
ment of stitches; (4) allis clamps to hold 
peritoneum in preference to heavy crush- 
ing clamps, and (5) application of tight 
abdominal binder, before patient leaves 
operating room. 


SUMMARY 

1. A resume of literature shows that the 
cause of wound disruptions may be classi- 
fied under the following headings: (a) 
Increased intra-abdominal tension; (b) 
faulty technic; (c) metabolic disturbances, 
and (d) allergy. 

2. In the five cases reported, infection, 
allergy and metabolic conditions did not 
play a role of postoperative wound 
disruption. 

3. Increased intra-abdominal pressure 
did not appear to be a primary factor. 

4. In all cases, there was a defect in the 
healing of the peritoneum. This defect in 
the peritoneum was probably due to faulty 
technic as previously described. 

5. The type of suture material did not 
effect the rate of postoperative wound 
disruption. 

6. Close observance of the principles 
of careful and proper peritoneal closure 
should lower the incidence of postoperative 
wound evisceration. 

REFEREMCES 

Freemvn, L. The cause of post operative rupture of 
abdominal incisions. Arcb. Snrg,, iz: 600, 1927. 
U'hite, F. C. Disruption of abdominal wounds. Ann. 
Sxtrg., 09: 34-3S, 1934- 

B.\lx)W1n, J. K. Disruption of abdominal wounds. Am. 
J. Surg., 23: 7-11, 1934. 

Howes, E. L. and H.arvey, S. C. The strength of the 
healing wound in relation to the holding strength 
of the catgut sutures. New England J. M., 22; 
2S5, 1920. 

Reid, M. B., Zinniger, M. N. and Merrell, P. 
Closure of the Abdomen with Through and 
Through Silver Wire Sutures in Cases of Acute 
Abdominal Emergencies. Ann. Surg., 08: 890, 1933. 
Wolff, L. H. and Priestly, J. T. The absorption of 
catgut in human beings. Preliminary report. 
Proc. Staff ^^eet., .Mayo Clin., 14: 149-153, 1939. 
Singleton, Albert O. and Blocker, Tru.m.yn G. 
The problem of disruption of abdominal wounds 
and post-operative hernia. J. A. M. A., 122: 126, 
«939- 

Federal Standard Stock Catalog. C. L. 351 June 6, 1933 
Section iv. Part v. 

-Meleney, F. L. and Howes, E. I.. Disruptions of 
abdominal wounds with protrusions of viscera. 
.Ann. Surg., 99: 5-13, 1934. 

CoLP, R. Disruption of abdominal wounds. Ann. Surg., 
99: 14-27. 1934- 

Milbert, a. H. a study of disruption of abdominal 
wounds. Arcb. Surg., 31: 86-88, 1935. 



Boljrow — Evisceration 


Dm Miti It. itjii 



KobTjiit, llAKuy and Ka^si.man, L. P, WouikI div 
niptions. /\;n. J. Siirir., 31: 537~557, U)3r). 

Gi.ASsnn, S. T. Evi'-ccration and avulsian of a!>di>ininal 
wounds. /\in. J. Surs., 32; (13-76, 1936. 

WiiiTi:, \V. C. Disruption of abdominal wounds. Ann. 
Sure., 99: 34-38, 1934. 

Stahu, a. and Nasoih, L. II. P. O. disruption of ab- 
dominal wounds. J. A. M. A., too: 310-312, 1934. 

Vos Gi<Arr, Euwis. The ctinlogy, diagnosis and treat- 
ment of Evsicerations follow iiiR laparotomy. Am. 
J. Ob<;l. Gyncc., 31 : 754-764, 1036. 

SoKAi.ov, S. P. O. Rupture of abdominal wountls with 
protrusion or prolapsus of the viscera. 5 i«r?., 
Gvncc. s" Ohcl., 55; 157, 1932. 

Jr.sKiSS, 11 . P. A clinical study of catput in relation to 
abdominal wound disruptions. Surf.'., Gynec. I’r 
Obtt., 64: 648-662, 1937. 

Khaissl, C. j. Intrinsic factors alterinR the absorption 
of catgut. Stirp., Gi ncf. i'" 01 k(., 63-561, 1936. 


Kkaissi., C. j. Relation of catgut sensitis'ily to wound 
healing. 5 ure., Gyncc. f" Obsi., 66 : 628 (.March) 
1938. 

IhsTON, . 1 . W, Allergy as explained in- deiiiscencc of 
wountls and incisional hernia. Arcb. Sure., 33: 
197-209, 1936. 

GiiACi. Roor.iiicK V. Ann, Sure., 99; 14-27, 1934. 
1!i.m>, CiiAUi.r.s Gohdos. Disruption of abdominal 
wounds, Ann. 5 urc., 99: 39, 1934. 

Boi.asi>, F. K., Jii. P. O. evisceration in colored race. 

South. .M. J., 29: 1225-1230, Dec. 1936, 

Bi.TfMAS, R. B. ;ind l.iciiTt.ssTi.is, G. .M. Evisceration 
folliiwing abdominal operations. Arch. Sure., 32; 
721, 1936. 

Tom It, II. P. Post -operative evisceration. Ucsi J. 
Sure., 46: 305-310, 1938, 

Gi r.ss., F. and .Motiui . S. W. Disruption of wounds. 
Sure., Gt ncc. <’' Obst., 65: 16-22, 1937. 




Usually after a period of months or years the tiiyroid enlargement of 
simple colloid goiter disappears with medical treatment, or perchance 
with no treatment at all. In some cases the enlargement continues through- 
out adolescence, increasing in size in young womanhood, and finally reach- 
ing the bosselated state in midlife. 

The brief excerpts in this issue have been taken from “Diseases of the 
Tlwroid Gland. Presenting the Experience of .More Than Forty Years” by 
Arthur E. Hertzler (Paul B. Hoeber, Inc.). 



ULTRAVIOLET IRRADIATION OF AUTOTRANSFUSED 
BLOOD IN THE TREATMENT OF PUERPERAL SEPSIS 


E. W. Rebbeck, m.d. 

General Surgeon, Shadyside Hospital 
PITTSBURGH, PENNSYLVANIA 


A FTER seven years of clinical research, 
/ \ several physicians in various parts 
of the United States compiled 
clinical evidence on a treatment for pyo- 
genic infections that, to date, has not been 
widely published. These men co-operated 
and exhibited their findings in the scientific 
exhibits’ section of the American Medical 
Association Convention held in New \ ork 
in June, 1940. The exhibit dealt with the 
treatment of pyogenic infections by the 
irradiation of autotransfused blood with 
ultraviolet rays, known as hemo-irradiation 
therapy. 

This paper will deal only with the treat- 
ment of puerperal sepsis by that method, 
giving a description of the procedure and 
rationale as well as brief comment on other 
therapeutic measures used and clinical 
responses noted. The thirteen charts and 
histories here cited formed a part of the 
New ^ ork exhibit; they represent the total 
number of cases of puerperal sepsis treated 
at the Shadyside Hospital, Pittsburgh, Pa. 
from July, 193", through May, 1940. Two 
of these patients were delivered at home 
and brought into the hospital later. From 
June I, 1937, to May 31, 1940, we had 
2,486 obstetrical patients delivered. It is 
signilicant that since the establishment in 
July, 193”, of hemo-irradiation therapy, 
and for the period of time covered by this 
paper, no deaths ha^■e occurred in our 
institution from puerperal sepsis, one case 
recovering promptly with sulfanilamide 
therapy alone. 

In .April ol 193“, we had in our service 
the second fatal case within a year of beta- 
hemolytic streptococcus blood stream in- 
fection. This case ended fatally, despite 
intensive therapy with prontisil and pron- 


tylin both early and late in the course of the 
disease. This e.xperience aroused our inter- 
est in an article published in the 1934 June 
issue of North Medicine, by Virgil K. 
Hancock, m.d., and E. K. Knott, entitled 
“Irradiated Blood Transfusions in the 
Treatment of Infections.” Their work on 
all types of conditions resulted in the belief 
that in the treatment of pyogenic infections 
they had, in the irradiation of the blood 
with ultraviolet spectral energy, a therapy 
of more pronounced value than any other 
method known to date. 

We • started at Shadyside Hospital on 
cases indicated for treatment by the Knott 
technic. The results we obtained were 
gratifying. Our experience with this form 
of therapy has been wide enough to indi- 
cate its usefulness as a waluable adjunct to 
the treatment of various pathologies. 

The procedure is as described by Han- 
cock and Knott, and consists of a treated 
autotransfusion. Briefly, the patient’s own 
blood is withdrawn from a vein, citrated 
and returned by gravity to the same ^•ein. 
As it flows back, the blood passes through a 
specially designed chamber (capacity 10 
cm.) with a quartz window and is exposed 
to ultraviolet rays which are generated by a 
water-cooled mercury vapor quartz burner. 
The average time for 10 cm. to tra\erse 
the chamber is nine to ten seconds. The 
average amount of blood used is 1V2 cm. 
per pound of body weight. The time of 
exposure, the quantity of blood irradiated 
and the frequency of treatment are deter- 
mined by the pathology and the patient’s 
condition. 

The general potentialities of ultrarlolet 
rays have long been recognized by scientists 
in the biochemical fields of research. These 
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potentialities have been discussed in cer- 
tain basic texts and monographs; to give 
only a partial list, Bragg, ^ Clark,- Ellis and 
Wells, ^ Krusen,® Laurens,® Mayer,® Rahn,“ 
Schneider, Herman and Sperti^^and Steeld'* 
The rationale of hemo-irradiation is 
based on the following accepted facts on 
the biochemical action of ultraviolet ra^'s. 
A listing of all the data that contribute to 
the rationale of this procedure is prohibited 
by space. It is desirable, however, to list a 
few of the factors that influenced the 
application of ultraviolet rays directly to 
the blood stream ; ( i ) Activation of sterols 
into vitamin d;®“ fa) inactivation of toxins 
and viruses (3) increased cell permea- 
bility (4) destruction and inactivation 
of bacteria;'*’^® (5) absorption of ultraviolet 
by the blood and emanation of secondar}' 
radiations;’ (6) increased oxygen combin- 
ing power of the blood;'® (7) presence of 
measurable amounts of ultraviolet in nor- 
mal blood, and the deficiency of such in 
toxic and septic cases, malignancy and the 
We have given approximately 3,000 
blood irradiations and have not had any 
detrimental reactions, but have observed 
clinical manifestations of the foregoing 
references. In about 4,000 blood counts 
taken on treated patients there have been 
no signs of destructive action on either 
white or red cells. The tendencj' of blood 
irradiation seems to be to raise the red cell 
count and hemoglobin. An increase of 
1,200,000 in red count has been observed 
overnight. If the count is not increased, it 
is noticeable that it has been maintained, 
even through severe infections, includ- 
ing hemolytic streptococcus in the blood 
stream. The white cell count tends to 
balance; i.e., the high counts decrease and 
the low counts increase. In most all in- 
stances treatment was followed by a sharp 
reduction in temperature. If septic tem- 
perature continued, the charts show a 
decrease by lysis. The extreme toxic 
conditions found in many patients were 
generally relieved after irradiation, and 
clinical improvement noted. The need for 
blood transfusions was definitely reduced. 


In the cases of puerperal sepsis being 
presented, the charts and histories show 
that blood irradiation therapy was not 
instituted in some instances until other 
treatment was not accomplishing desired 
results. In six cases sulfanilamide was 
administered but was discontinued in favor 
of hemo-irradiation. Five patients received 
transfusions of donor blood. Three of 
the patients receiving sulfanilamide are 
counted as receiving donor transfusions. 
Six patients of the thirteen had only hemo- 
irradiation therap}'. 

CASE REPORTS 

Case i. No. 76081, Mrs. M., age fortj'-one, 
a negro, was admitted on November 21, 1938 
and discharged on December 23, 1938. This 
patient was referred by Dr. J. P. McComb. 
The diagnosis was puerperal sepsis (acute septic 
endometritis). 

The patient, para n, was admitted November 
21, 3938 for delivery. Temperature, pulse, and 
respirations were normal. Routine urinalj'sis 
was negative. On November 23, red cell count 
was 3,980,000, hemoglobin 70 per cent, white 
cells 30,300 — 90 per cent neutrophiles. Because 
of secession of labor pains by this time plus 
the onset of fever to I02.4°K, consultation was 
held and a Porro cesarean section performed 
because of a fibromyoma present in the cervical 
region. The diagnosis from the tissue examina- 
tion showed acute septic endometritis and 
metritis. Sulfanilamide was started immedi- 
ately and continued for four daj's or until 
November 28, inclusive, in doses of 100 gr. the 
first day and 60 gr. for the next three days. 
Despite this therapy her temperature reached 
io 4.8° f . by November 28. The sulfanilamide 
therapy was stopped, and blood irradiation 
therapy instituted. 

Her temperature gradually receded until 
December 4, with marked improvement in her 
general condition. There was a gradual rise in 
temperature during the next two days, reaching 
a peak of ioi .4° f . on December 6. At this time 
another blood irradiation treatment vas given. 
From this point on she made an uneventful 
convalescence, being discharged from the 
hospital on December 23, 1938 in apparently 
good condition. 

Case 11. No. 70154, Mrs. Z., age twenty- 
seven, white, was admitted on November 19, 
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1937 and discharged on December i8, i937- tient had a chill and the temperature reached 
She had been referred by Dr. G. Thompson. i05°f. A soft, tender, non-involuting uterus was 
The diagnosis was puerperal sepsis (acute septic present with marked tenderness on pressure 
endometritis and parametritis). over botli lower quadrants. The lochia was very 




Fig. 3. Case 111. No. 67895 — Temperature graph. 


The patient, para i, admitted as pre-eclamp- 
tic, blood pressure 165/70, albuminuria, with 
daily Injections of magnesium sulfate and 5 per 
cent glucose and saline (November 19 to 
November 25). A tube was inserted into the 
uterus to induce labor on November 20. She 
was delivered on November 26, of a persistent 
occiput posterior; November 23 she showed 
marked pyuria. This increased until November 
28; but was negative on the twenty-ninth, 
thirtieth, and first. Pyuria reports on December 
^ 5. G 7, 9, io, 13, 14, 15, 17, and 18. 

Temperature was I02°f. November 28; on 
November 29 temperature was I02.2°f. On 
November 30 the patient complained of pain 
m the left lower portion of the abdomen; tem- 
perature reached io2°f. On December i the pa- 



oftensive. A diagnosis of acute septic endo- 
metritis and parametritis was made. Blood 
cultures taken December i and December 5 
were negative. This temperature varied from 
105 to ioi°F. with daih' chills until December 6. 
On the same day blood irradiation therapy was 
instituted. Her condition was somewhat im- 
proved on December 7 and was markedly 
improved bi' December 8. This improvement 
continued uneventfully, and the patient was 
discharged from the hospital in good condition 
on December 18, 1937, twelve days after blood 
irradiation. She was in good health six months 
later. 

C.ASE III. No. 67895, Mrs. C., age thirt\'- 
four, white, was admitted on Julj’^ 3, 1937 
and discharged on JuR 31, 1937. She had 
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by Ker attending physician ancf consultants. A 
transfusion was given of i,ooo cm. of blood on 
December i8. 

On December 24. with a temperature reaching 
103. 4°F., pulse 120 to 130, respirations 28 to 32, 
blood irradiation therapy was instituted. Tliere 
was a slight rise of temperature to io3.8°f. 
The patient at this time was quite toxic and 
considered in a desperate condition. Her subse- 
quent course as shown by the temperature 
graph was steady improvement uiitil slie was 
discharged on January 17, 1938, the thirty- 
fourth postpartum da\-, in good condition. She 
has remained in good health since her discharge. 

C.\SE V. No. 78191, Mrs. S., age twenty-six, 
white, was admitted on April 8, 1939 and dis- 
charged on July 2, 1939. She had been referred 
by Dr. J. P. McComb. The diagnosis was 
puerperal sepsis (acute septic endometritis 
with cul-de-sac abscess: septicemia — non-henio- 
K-tic streptococcus), 

Mrs. S. was aged twenty-six, para i, had a 
normal delivery April 9. A\'ithin twenty-four 
hours she developed chills with excursion of 
temperature to io4°f. degrees, pulse 130, 
respirations 22. Culture from the cervix at this 
time showed non-hemoh"tic streptococcus. A 
diagnosis of acute septic endometritis was made 
because of a tender, slow involuting uterus with 
offensive lochia; likewise, a diagnosis of demen- 
tia praecox was made by the neurological 
department. Blood cultures taken on April 10 
and April 12 were negative. The blood cul- 
tures taken April 19, April 20, and April 22 
Avere positi\'e for non-hemoK-tic streptococcus 
gamma type. She received sulfanilamide ther- 
apy, averaging 60 to 120 gr. daily from April 10, 
to April 20. Blood irradiation treatments were 
given April 21, April 27, and May 24. Subse- 
quent blood cultures on April 23, April 25, 
.\pril 26, April 27, April 29, May i, .May 3, 
May 4, May 9, May 15, May 18 were all 
negative. On the twenty-eighth postpartum 
day, abscesses in the right vaginal wall near the 
introitus and the cul-de-sac were incised. Con- 
taminating organisms only showed on culture. 
On the thirty-third postpartum day, an abscess 
appeared over the left scapular region; this was 
incised and pus, culturing non-hemoK’tic 
gamma streptococcus, was obtained. There was 
a tendency to further excursion of temperature 
on the forty-fifth postpartum day, and another 
blood irradiation treatment was given at this 
time. Her subsequent progress has been un- 
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eventful surgically. This case was complicated 
by dementia praecox of the manic type. She 
was discharged from the hospital on August 2, 

1939 in good condition, having been treated for 
her mental condition bA* “shock” therapy upon 
recovery from the obstetrical complication, 
June 4, 1939. Tlie patient was last seen in 
October, 1940, at which time she seemed in 
good health and, while still under treatment 
by the neurological department for dementia 
praecox, Avas considered as making excellent 
progress from the latter illness. 

Case vi. No. 83568, Mrs. M., agetAA'enty- 
three, Avhite, Avas admitted on March 8, 1940 
and discharged on March 25, 1940. She had 
been referred by Dr. J. R. Glassburn. The 
diagnosis Avas puerperal sepsis (acute septic 
endometritis). 

The patient, para i, AA'as admitted in labor 
March 8, and was delivered a fcAv hours 
later on the same day. Loav forceps were used 
and an episiotomy \A-as done. The patient left 
the delivery room in apparently good condition. 
Her first four postpartum days were uneA'ent- 
ful, but on the fifth postpartum day, March 13, 

1940 the patient had a large emesis and com- 
plained of pain in the loAA'er portion of the 
abdomen folloA\-ed b}' a chill AA'ith a rise in tem- 
perature to I03.2 '’f. Her offensive lochia cul- 
tured indifferent streptococcus. Blood cultures 
taken March 14, 15, 16, 17, iS, 19, and 22 AA-ere 
all negatiA C. The folloAving day her temperature 
rose to i05°F.; general toxic symptoms dcA-el- 
oped. Blood irradiation therapy AA-as instituted. 

The folloAA'ing day the patient’s temperature 
rose to 105. 2°F. Forty-tAA'o hours after blood 
irradiation her temperature fell to ioo°f.; her 
blood count taken the preA'ious da^' proA ed to 
be 2,870,000 — red blood cells, 10.2 Gm. — 
hemoglobin. A 500 cm. transfusion AA'as given. 
Tlie patient throughout this daA' appeared 
markedly improA'ed in eA-ery respect. On the 
scA-enteenth she shoAA-ed a rise in temperature 
to 1 02.8° F. AA'hicli fell the folloAA'ing morning to 
99. From tliis point on the patient conA'alesced 
uneventfully and AA'as discharged March 25 
in apparently good health. 

Case a'ii. No. 73574, Mrs. B., age tAventy, 
a negro, AA-as admitted on June 28, 193S and 
discharged on July ro, 1938. She had been 
referred Fa' Dr. P. D. Bier. The diagnosis AA-as 
puerperal sepsis (acute septic endometritis). 

This patient; para ia', AA'as admitted June 28, 
AA'ith normal temperature, pulse and respira- 
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tions. Ske was delivered on June 30, witK a was generally unimproved with her tempera- 
left occipito-anterior presentation. Routine ture rising to i03.4°f. Blood culture taken on 
urinalysis was negative June 28. On July 2, this day was negative. However, her tempera- 



FiG. 6. Case vi. No. 83568 — Temperature graph. Fig. 7. Case vii. No. 73574 — Temperature graph. 



Fig. 8. Case viii. No. 82783 — ^Temperature graph. Fig. 9. Case ix. No. 82879 — Temperature graph. 


the patient had a large piece of placental ture began to fall on July 7, and the condition 
tissue removed, followed by a discharge of improved markedly. She progressed rapidly 
sanguineous, offensive smelling lochia The and uneventfully for the ne.vt three daN's leav- 
uterus was tender to palpation. A diagnosis of ing the hospital July 10, 1938 in good condition, 
acute septic endometritis was made. Following five days after her one blood irradiation, 
this her temperature rose to ro2.8°F. The fol- Case viii. No. 82783, Mrs. M., age 
lowing day her temperature rose to io4°f.; tuenty, white, was admitted on January 21, 
this was accompanied by frequent chills and a 1940 and discharged on February 4, 1940. She 
weak, thready pulse. Blood culture taken at had been referred by Dr. J. P. McComb. The 
this time, July 3, was positive for Staphyio- diagnosis was puerperal sepsis (acute septic 
coccus albus, probably contamination. Blood endometritis). 

culture taken July 6, was negative. Routine The patient, para ii, was admitted on 
blood count revealed a red count of 2,570,000 January 21, in labor and was delivered the 
hemoglobin 55 per cent, and white cell count same day. Delivery was normal. During 
14,200. the second stage lacerations occurred which 

The temperature rise and chills persisted on were repaired. Temperature, pulse and respira- 
the following day, July 4, and on July 5 tions were normal on admission. The same day 
blood irradiation therapy was instituted. The following delivery her temperature rose to 
day following irradiation, July 6, the patient ioi.4°f. This rose the first postpartum day to 
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io2.4°F.; the next dat* to on the third 

day to i04°F. Cervical, vaginal and blood cul- 
tures taken on January 24, showed staphylococ- 
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Fig. 10. Case x. No. 759SS — ^Temperature 
graph. 


cus albus. The uterus was tender to palpation, 
and a diagnosis of acute septic endometritis 
was made. 

On January 25 blood irradiation therapy was 
instituted. Her temperature fell the following 
day to 98 °f. Marked improvement in the 
clinical condition was noted, but forty-eight 
hours after blood irradiation the temperature 
rose to io2.8°f. Temperature dropped the 
following day to 98.8 °f. and slowly subsided. 
The patient improved clinically with sub- 
sidence in temperature and convalesced un- 
eventfully until the day she was discharged in 
apparently good health on Februar}* 4, 1940. 

C.A.SE IX. No. 82879. H., age nineteen, 

white, was admitted on January 27, 1940 and 
discharged on February 8, 1940. She had been 
referred by Dr. J. B. iClcComb and Dr. B. 
Shepard. Jr. The diagnosis was puerperal 
sepsis (acute septic endometritis). 

This patient, para 11, was admitted on Janu- 
ary 27. Admission temperature was g9.4'’F., 
pulse no, respirations 22. After a twenty-four 
hour trial of labor, and, because of moderate 
cephalopelvic disproportion, a cesarean section 
was performed. The patient left the operating 
table in very poor postoperative condition, 
and a 500 cm. transfusion was given. For her 
iirst postoperative day she continued in poor 
general condition with pulse ranging from 120 
to 140. Blood irradiation therapy was instituted 
at this time. Her temperature dropped to 
too F. that evening but rose again next day to 
103 F, Even with this increase in fever her 
general condition seemed considerably im- 
proved. Despite this improvement and because 


of the fever her doctor administered sulfanila- 
mide 90 gr, each day for the next two da3’^s 
followed bt' sulfap3'ridine for three more 



Fig. II. Case xi. No. 83450 — Temperature 
graph. 


dat'S. On the fourth postpartum daj- her tem- 
perature reached a peak of I04°f. The patient 
was apparenth" not responding to therapj- and 
becoming more septic. Blood irradiation ther- 
ap\- was again done on this day followed b\' 
rather prompt subsidence of fever and improve- 
ment in her general condition. She continued to 
convalesce uneventfulh* and was discharged as 
recovered on February- 8, 1940. 

Case x. No. 7598S, Mrs. K., age twent}*- 
one, a negro, was admitted on November 14, 
1938 and discharged on December 6, 1938. She 
had been referred bt’ Dr. J. P. McComb and 
Dr. P. D. Bier. The diagnosis was puerperal 
sepsis (acute septic endometritis with wound 
infection). 

The patient, para in, was admitted at term 
with a history' of previous cesarean section done 
in 1932. Cesarean section was done again with 
deliver^' of a normal infant. Starting on the da}' 
of delivery, November 15, and lasting until 
November 23 a temperature ranging between 
100 and io3°f. persisted. There was persistent 
tenderness in the uterine region with more than 
normal vaginal bleeding but no offensive lochia. 
On November 23 blood irradiation was done, 
and thirty-six hours later her temperature fell 
to 99.4°F. There was no evidence at the time of 
irradiation that the wound was infected, but 
two days later, November 25, purulent drain- 
age began. Temperature in the meantime had 
receded and the patient’s general condition 
was greatly improved. No blood cultures or 
blood counts were taken. Two specimens of 
urine showed no gross abnormalities. The 
patient’s progress was uneventful after the 
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The patient, para ii, was admitted to the 
Shadyside Hospital on February 16, diagnosis 
left occipito-anterior presentation at term. 
She was delivered of both infant and placenta 
on the same da}* — a normal delivery. Her ad- 
mission temperature was io 2.8° f ., pulse 120, 
respirations 22. A urinalysis sliowed occa- 
sional white blood cells, no red cells, moderate 
number epithelial cells, few bacteria ; and subse- 
quent examinations included faint traces of 
albumen, occasional red cells, many white cells, 
no casts. A septic temperature with peaks of 
i04.4.°F. persisted, and on the fourth post- 
partum day blood irradiation therapy was 
instituted. There was a slight improvement in 
temperature and general condition for the next 
three days. By the eighth postpartum day 
temperature again neared the 104.°?. mark. 
Blood irradiation therapy was again instituted. 
During these days there was considerable 
abdominal distention with acute dilatation of 
the stomach, necessitating continuous gastric 
lavage, and the patient’s pulse ranged between 
100 and 136. She was moderately toxic. Her 
blood counts were as shown on the accompany- 
ing graphs. Blood cultures taken February 18, 
February 20, February 24 were all negative. 
During this time her abdomen was markedly 
tender, particularly over the entire lower 
portion. 

By the eighth postpartum day diagnosis of 
pneumonia invob'ing the right lower lobe was 
made; no sputum, however, was typed. Pitting 
edema of both ankles developed. Following the 
irradiation on the eighth postpartum daj* there 
was temporary improvement in her general 
condition with moderate subsidence of fever. 
She persisted in this edema of the ankes. The 
pneumonia was apparently gone by the four- 
teenth postpartum day. 

Periodic distention of the abdomen with 
rather marked tenderness across the lower por- 
tion and peaks of temperature to i 02.8'’ f ., pulse 
to 130 persisted until the twenty-second post- 
partum da}* when a diagnosis of abscess of the 
cul-de-sac was made and incision and drainage 
instituted plus 500 cm. of transfused blood. 
The patient’s toxic symptoms became much 
more pronounced as well as periodic abdominal 
distention with marked pain and tenderness 
m the lower portion of the abdomen. Blood 
irradiation therapy was again performed on 
March 16, the twenty-eighth postpartum 
day, with no appreciable effect as far as im- 


provement. By the thirty-third postpartum day 
it was decided after consultation that further 
drainage of the pelvis was necessar}*. With the 
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preparation of 500 cm. of transfused blood a 
pelvic laparotomy was performed; an abscess 
was encountered with extensi\*e invob'ement 
of the left pelvis. This was followed by another 
transfusion of 500 cm. of blood. 

Despite the transfusions the patient con- 
tinued desperately ill with high fever, and 
another blood irradiation treatment was gi\*en 
on the thirty-fourth postpartum day, March 
22, when the temperature was io 4° f ., pulse 
over 160. Forty-five gr. of sulfapyridine 
were gi^•en in two doses prior to irradiation and 
then stopped. Cultures from both incisions and 
drainages showed predominance of pneumo- 
cocci. In the first instance accompanied by 
bacillus coli and in the second by pseudomonas 
P3*ocyanea. Another 500 cm. transfusion u-as 
given on the thirty-fifth postpartum day from 
which the temperature gradually receded, the 
edema disappeared, the patient became ra- 
tional, and she was discharged on April 22, 1939 
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or the si.\ty-sevcnth j)o.stpartum day, practi- 
cally afebrile, in fair general condition with the 
abdominal incision granulating and scant 
drainage. The patient was last e.vamined in 
September, 1940, at which time she iiad ap- 
parently made a complete recovery. 

In reviewing the charts, we note that one 
patient developed a blood stream infection 
of non-licmolylic streptococcus gamma 
type despite sulfanilamide therapy. How- 
ever, negative blood cultures were obtained 
the second day after the first blood irradia- 
tion. On several occasions it was necessary 
to give more than one irradiation before the 
patient was discharged, but in such in- 
stances the patient had a more favorable 
prognosis after the first treatment. We 
believe that in the difficult cases treated, 
many with advanced pathological condi- 
tions, that the high percentage of e.xcellent 
clinical response is unmatched, in our 
experience, by any other type of therapy. 

CONCLUSIONS 

Our conclusions in the use of hemo- 
irradiation are: 

1. The e.vposure of autotransfused blood 
to ultraviolet spectral energy, as outlined 
by the Knott technic, is a valuable and safe 
adjunct to the practice of medicine and 
surgery. 

2. The biochemical background on this 
type of treatment is e.xtensive and makes 
its use logical in indicated cases. 

3. A definite reduction of toxicit3' is 
achieved. 

4. In the treatment of puerperal sepsis it 
has exceptional value. 
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AN active surgical service is often con- 
fronted with a common and seri- 
ous surgical emergenev, secondarv 
shock. It is admitted that no fixed standard 
can be set for shock; but for clinical pur- 
poses we have considered the following 
signs and symptoms present in whole or 
part as essential in the diagnosis of shock in 
the order of their importance; (i) Systolic 
blood pressure — So mm. of mercury or less; 
(2) pulse accelerated but weak; (3) cool and 
moist skin; (4) pallor or slight cyanosis; 
(5) rapid and shallow respiration, and (6) 
thirst — rarelv nausea and \*omiting. 

^Vhen two or more of the above clinical 
signs were present, the cases were treated 
for shock. However, of the six objective 
clinical criteria, the presence of a systolic 
blood pressure of 80 mm. of mercury or 
below was required as a part of any com- 
bination. There were three exceptions to 
this rule in the series. These cases exhibited 
all of the manifestations of secondary shock 
except that the systolic blood pressure 
ranged between 90 and 115 mm. of mer- 
cury. The normal systolic pressure for these 
three patients ranged from 150 to 220 mm. 
of mercury. 

Aloon^ defines shock as a “circulatory 
deficiency, not cardiac nor vaso-niotor in 
origin, characterized by a decreased blood 
volume, decreased cardiac output (volume 


flow) and by an increased concentration of 
the blood.” Moon also states that the 
“mechanics for the circulatory deficiencies 
is the uncompensated disparity between 
the volume of blood and the volume 
capacity of the vascular system.” 

In secondary shock, this disparity is 
produced by the dilatation of the capillarj’’ 
bed with a resulting hemoconcentration, as 
evidenced bj- blood count and hematocrit 
determinations. As the pathological physi- 
ology progresses, there is a greater anoxia 
of the capillary cells which is followed by 
an increase in the permeability of the 
endothelium, thus allowing the plasma to 
diffuse into the extravascular spaces in 
large quantities, increasing the disparity 
between the volume capacitr* of the vascu- 
lar system and the volume of circulating 
blood. The following chart from Moon’s 
text on “Shock” is self-explanator}^ and 
complete in its description of the vicious 
cycle of the pathological physiology of 
secondarr* shock. ^ (Fig- a.) 

Based on this theory and work of Moon, 
the use of plasma seems to be the ideal 
agent to combat the disparity in the 
circulation system in secondary shock, as 
this is the agent lost; the colloids in the 
plasma exert the osmotic pressure neces- 
sar}-- to hold the fluid within the vascular 
system. 


From the Department of Surgerj-, Gallinger Municipal Hospital and George ^^^ashington University School of 

iUedicine, Wasliington, D. C. 
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Plasma and serum have been used b}'’ Lehman'" described a simple sj^phoning 
others: Mahoney,- in August, 1938, found method of preparing plasma in 1939. 
that regenerated lyopbilized plasma was Hughes” and his group found a reduction of 
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Fig. a. The vicious cycle. (After Moon.) 


superior to whole blood, saline, or acacia in 
the treatment of experimental shock pro- 
duced in dogs by cooling the peritoneal 
cavity, inducing an excessive loss of plasma. 

In 1936, J, A. Elliott^ described a 
vacuum system of drawing blood and 
preserving plasma. He suggested the use of 
plasma in the treatment of shock, but no 
mention of the actual clinical use was made. 
Bone and Wright^ related the following 
conclusions on the use of lyophilized serum 
intravenously in shock produced in dogs by 
trauma to the gut or an extremity: “The 
blood pressure was raised and maintained 
for several hours bj'^ this procedure.” They 
further stated, “The immediate availabil- 
ity of lyophilized serum — its theoretic 
stabilitj"^ and its action upon shocked 
animals suggests its use as a valuable treat- 
ment for clinical shock and hemorrhage.” 

Fantus® writes, “Serum would be more 
valuable than 6 per cent acacia solution in 
shock where there is little or no hemor- 
rhage, and that blood serum would be a 
more rational treatment for shock pro- 
duced by e.xtensive burns, and that serum 
may furnish the principle of certain hemor- 
rhagic conditions.” No mention of the 
actual use of serum was made in this article. 


increased intracranial pressure by the 
intravenous use of concentrated solution of 
human lyophilized serum. Levinson® and 
his associates presented an excellent stud}' 
on the effectiveness of serum in the treat- 
ment of hemorrhage and shock in dogs. 

McClure® in his discussion of the treat- 
ment of burns advises that “when the 
hemoglobin values are more than 1 5.6 gms., 
plasma transfusions should be given.” 
Darrow*® makes the following statement 
for the use of plasma in his article on the 
treatment of dehydration, acidosis, and 
alkalosis: “The maintenance of blood 
volume and circulation is essentially the 
treatment of shock — namely, blood or 
plasma transfusions, intravenous infusion 
of dextrose and at times of salt solutions.” 

Tatum, Elliott, and Messett” in Decem- 
ber, 1939, described in detail a method of 
preparing plasma and the use of untyped or 
incompatible plasma in 19 1 cases without 
reactions. 

Brodine and Saint Girons^® “stressed the 
advantage of using plasma in place of whole 
blood in severe hemorrhages.” The}" believe 
that the danger of hemorrhage lies in the 
loss of the volume of blood and much less 
in the loss of erythroc}"tes. “If the volume 
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of blood is reduced to one-fourth, death is 
inevitable.” Recently, Strumia^® and his 
group in a very complete report showed 
that “citrated Ijlood plasma was the ideal 
means of restoring an adequate blood 
circulation in patients suffering from sec- 
ondary shock, thus rapidly relieving the 
clinical manifestations of shock.” Strumia^"’ 
also writes that “serum gives reactions but 
citrated plasma does not.” 

Serum, citrated plasma, and regenerated 
lyophilized serum or plasma all seem to be 
clinically effective. 

In view of the above overwhelming evi- 
dence of the value of plasma in the treat- 
ment of surgical shock, it was decided to 
make this therapeutic agent available in 
our hospital to meet his operative com- 
plication. During the past year we have 
utilized blood plasma as a by-product of 
the blood bank in eighty-one cases of 
secondary shock, using the above criteria 
as a basis for administration. The types of 
cases reported fall into two large groups. 

Surgical Shock. The first type were 
those in which shock occurred during or 
after a surgical procedure. There were 
sixty-three cases in this group. Shock 
developed as late as forty-eight hours after 
the surgical procedure. 

Traumatic Shock. The second type were 
those in which shock followed traumatic 
conditions outside the hospital, but exclud- 
ing those in which there was gross hemor- 
rhage. There were eighteen cases in this 
group. The plasma used in the treatment of 
these patients was prepared by two 
methods; The first by syphoning off the 
supernatant plasma from stored blood 
seven to ten days old and mixing with 
equal parts of saline. This was an open 
method and the plasma obtained by this 
method was used within twenty-four hours 
of preparation and stored at 4°c. The other 
plasma used in transfusions was drawn into 
vacuum bottles, stored at 4°c. for two to 
ten daj's, centrifuged for one hour at 2,000 
revolutions per minute; and the super- 
natant plasma obtained from this out- 
dated citrated blood was drawn into 


another sealed vacuum bottle containing 
250 cc. saline, the entire procedure being 
carried out under aseptic and closed 
system. The plasma prepared by this 
method was kept at room temperature 
(without preservatives in vacuum flasks 
containing 500 cc. of this equal mixture of 
plasma and s.aline, which had been previ- 
ously serologicall}’’ tested) for periods vary- 
ing from one day to eight months after 
preparation. 

In 500 injections we have had only two 
reactions. The first one occurred after the 
injection of 75 cc. of plasma. The patient 
complained of chilliness and a faint feeling. 
The infusion was discontinued imme- 
diately. Following this the patient devel- 
oped a temperature of io4°f., but no 
further complications occurred. Culture of 
the plasma gave a Staphylococcus albus. 
The second reaction occurred in a patient 
with a severe pelvic peritonitis and hypo- 
proteinemia. One half hour after the 
completion of the intravenous injection of 
1,000 cc. plasma-saline, the patient devel- 
oped a chill lasting twenty minutes, and 
this was followed by a temperature of 
i04®F. The patient had been showing septic 
temperature previous to the injection with 
daily variations between 100 and io3°f. 
No further complications developed and 
the patient was again transfused with a 
plasma-saline in a few days without any 
complications. The plasma used in each of 
these cases was prepared by the open (first) 
method. 

The five following case abstracts and 
charts are presented as illustrative of the 
results obtained in group one, occurring 
during or after surgical procedure: 

CASE REPORTS 

Case i. A colored male, aged lift}' years, 
had osteomyelitis of the skull plate following a 
previous operation for a cerebellar tumor. 
Before the operation blood pressure was 
160/110 and pulse 100. An ether ethylene 
anesthesia was administered. One hour after 
the operation began, blood pressure was 120/S4 
and pulse 120. During the next hour there was a 
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gradual drop of blood pressure and a rise of the sure uas 120 100 and pulse rate no. The 
pulse, so that one and one-haif hours after the patient sliowed none of the clinical signs of 
beginning of the operation, blood pressure was shock. One iiour after the operation was com- 


200,- 


leo- 

170- 

I 

iTs-Mc -♦iSO 
rrriart 


ai'C ISO. 
(Hcstjsr— — ‘ 


OAI'CLC _4| (0 
fnc:usp' 

PuiSE -4100 

PiTt 

90 



200- 
190- 
180 - 
170- 
160' 
150 
KOt - 
130' 

T20! - 

1 lOf 

90 
80 - 
70,- 
60, 
50 - 
40 
30- 


trl'juc 




t-JUIt ' 
n*t 


20 - 
10 - 

L 



Tiwc 1*1 h:jb5 

Fig. 1 . 

Fig. I. Case i. Surgical shock. Rcmo%al of osiconu clitic skull pl.aio. 

Fig. 2 . Case ii. Surgical sliock. Fibroid uterus; supr.iN.agiml lnstircctom\ 


nwE It. H" t>s 

Fig. 2 . 

and salpingo-oopiiortctonw . 


60/40 and pulse t6o. The other clinical signs of 
shock were now present. Fifteen minutes later, 
1,000 cc. of a plasma-saline mixture was started 
intravenously. At this time blood pressure was 
50/30 and the pulse too rapid to count. After 
receiving 250 cc. of the mixture, blood pressure 
was iCo/90 and pulse 166. The remainder of the 
plasma was given during the next hour. Blood 
pressure was 1 55/1 10 and the pulse 140 at the 
completion of the intrax'cnous injection. No 
clinical signs of shock were present. The oper- 
ation, removal of the osteomyelite skull plate, 
took four hours, the pressure at this point being 
160/ 100 and the pulse 126. During the next few 
hours the pulse gradually dropped to no, the 
blood pressure remaining at 160/110. No evi- 
dence of latent or delaj'ed shock occurred that 
day or the first postoperative da3'. (Fig. i .) 

Case ii. A colored female, aged fiftj’^-three, 
was admitted wfith a fibroid uterus, A supra- 
xmginal hj^sterectomy and bilateral salpingo- 
oophorectomj", which required one hour, was 
performed. Blood pressure and pulse before 
the operation were 144/ 100 and 94, respec- 
tiveljx At the end of the operation blood pres- 


plctcd, the patient was in surgical shock with a 
blood pressure of 60 45 and a pulse rate too 
rapid to count. One thousand cc. of a plasma- 
saline mixture was gi\cn intra\enousl\ with a 
gradual rise in the next hour of blood pressure 
to 90 60 and a fall of pulse rate to 116. The 
skin was drj but still cool. No other medication 
was gi\ cn after this. There was a gradual rise in 
blood pressure with a drop in pulse rate in the 
tw o hours follow ing completion of the intra^ en- 
ous administration to the normal Ie\el of 
144/90 and 108. From then on the patient 
made an une\cntful rcco\er\. (Fig 2.) 

Case in. A w hite female, aged thirtj'-eight, 
with unilateral pulmonary tuberculosis was 
operated upon for a third-stage thorocoplasty. 
Before the operation, blood pressure w'as 
110/70 and pulse 86. During the operation, 
blood pressure dropped to 90 70 and pulse rate 
rose to 1 10. There were no other signs of clinical 
shock. Soon after the patient was returned to 
her room, her blood pressure dropped to 70/55 
and pulse was 120 but verj' weak. The skin was 
cold and clammjx Before the plasma (500 cc.) 
was started the pulse had risen to 144. ^^fithin 
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ten minutes afterthe plasma was allowed to flow There was a gradual rise in blood pressure 
intravenously, pressure was 90/70 and pulse and decrease in pulse rate during the next hour, 
rate 140. Twenty minutes later the pressure Pressure was now 130/90 and pulse 108. Thirty 



Fig. 3. Case iii. Surgical shock. Thorocoplasty; pulmonary tuberculosis. 
Fig. 4. Case iv. Surgical shock. Craniotomy, removal of pituitary tumor. 


was the same but the pulse had fallen to 120. 
Forty-five minutes were required for the in- 
travenous injection of the 500 cc. of plasma- 
saline mixture. Pressure was 100/70 and pulse 
100 at this point. The patient made an un- 
eventful recovery. (Fig. 3.) 

C\SE IV. A colored female, aged forty-two, 
was operated upon for a pituitary tumor. Blood 
pressure was 160/96 and pulse 84 before the 
operation. One and one-half hours after the 
operation began, blood pressure was 144/96 
and pulse 100. The skin Avas cool and the 
patient Avas perspiring freefy. One thousand cc. 
of 5 per cent dextrose in saline Avas gh^en in- 
traA^nousIjv After the infusion the blood pres- 
sure continued to drop. This clearlj’’ illustrated 
the ineffectiA'eness of crystalloid solutions in 
shock. One and one-half hours after the saline 
AAas giA'en, blood pressure AA'as 90/64 and pulse 
130. The patient noAv exhibited all of the 
classical clinical signs of shock. In A'ieAv of tliis, 
1,000 cc. of plasma-saline mixture AA’as admin- 
istered. One half hour after the infusion AA'as 
started, blood pressure AA'as 120/70 and pulse 
1 10. Operation was completed at this point. 


minutes later the patient AA’as again in shock 
Avith a blood pressure of 84/60 and a pulse of 
140. This demonstrated the necessity of close 
obserA'ation for the development of secondary 
shock. Plasma Avas not a complete protection. 
One thousand cc. of plasma Avas started imme- 
diately at this loAv leA^el and there aa'bs an 
immediate response Avith the blood pressure, 
returning to 120/74 and pulse 108. During the 
day there AA’as a gradual rise of blood pressure to 
140/80 and a fall of pulse to 80. The course 
AA’as stormy. Coma dcA’cloped and the patient 
died on the fifteenth postoperath’e daj’" of 
cerebellar hemorrhage. (Fig. 4 ) 

Case a’. A colored female, aged thirty-six, 
AA’as admitted Avith a large uterine myoma. 
Blood pressure and pulse before the operation 
Avere 110/60 and 86, respectively. At the opera- 
tion, a right tubo-OA’arian mass AA’as found 
markedly adherent to an atrophied ectopic 
kidney. This AA’as remoA’ed. During the latter 
part of the operation, AA’hich required an hour, 
the patient e.xhibited a blood pressure of 90/50 
and a pulse of 120. One thousand cc. of 5 per 
cent dextrose in saline Avas given and the 
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patient responded for half an hour with a rise Blood pressure was 110/70 and pulse 120. 
in blood pressure to 100/50 but no change in However, fifteen minutes later blood pressure 
the pulse rate. One and one-half hours after the was 80/55 and pulse 160. The patient mani- 
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Fig. 5. Case v Surgical shock. Hysterectomy; removal of ectopic kidney. 
Fig. 6. Case vi. Traumatic shock. Fractured femur, three ribs, bruises. 


crystalloid infusion, the patient was in severe 
shock w’ith all the classical signs and a blood 
pressure of 50/30, A few minutes later the 
blood pressure could not be obtained and the 
pulse w as too rapid to count. One thousand cc. 
of a plasma-saline mi.xture was given. After 
receiving 300 cc. of the plasma the blood pres- 
sure rose to normal level in half an hour and the 
pulse dropped to 160. The course throughout 
the remainder of the daj' w'as satisfactory with 
a maintenance of a normal blood pressure and a 
gradual decline of the pulse rate to 120. The 
next morning blood pressure was 90/60 and 
pulse 130. The skin was a little cool and moist. 
During the ne.\t hour, the blood pressure fell to 
50/20 and the pulse rose to 150. The patient 
was in secondary shock and 1,000 cc. of plasma- 
saline mixture was given. The blood pressure 
and pulse gradually returned to normal lex el. 
She made an uneventful recoxery. (Fig. 5.) 

The following two cases are typical of 
traumatic shock without hemorrhage: 

CxSE VI. A xxhite male, aged fifty-sK, xxas 
admitted after an automobile accident with a 
fractured femur, three fractured ribs and 
numerous bruises. The skin was diy- and xxarm. 


fested all of the classical signs of shock. Plasma- 
saline mixture xxas gix'en immediatelj'. One-half 
hour after the intrax-enous injection xxas 
started, blood pressure xx-as 90/70 and pulse 
160. One hour after the intrax’-enous injection 
xx-as begun, pressure xxas 100/70 and pulse 160. 
The patient’s skin xx-as still cold and clammy. 
Txxo thousand cc. of plasma-salme mixture xxas 
gix-en. At the completion of the infusion, xx-hich 
required txxo hours for administration, blood 
pressure xx-as 110/74 and pulse 130. Clinically', 
the patient xxas much improx-ed at this point. 
Within the ne-xt txxo hours pressure gradually 
rose to 150/90 and pulse dropped to 120. The 
next hour showed a blood pressure of 160/90 
and a pulse rate of 1 10. From this time on there 
xxas no change in blood pressure but a gradual 
decline of pulse to 100. His recovery- xxas 
xxithout incident but he xxas hospitalized a long 
period for treatment of the fracture of the 
femur. (Fig. 6.) 

CxSE VII. A y-oung, colored male xxas ad- 
mitted after an automobile accident xxhich 
resulted in a fractured tibia, fibula, three ribs 
and a right Colics’ fracture. At the time of 
admission the patient xxas in sex ere shock. No 
blood pressure xxas obtainable and the pulse 
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rate too weak and rapid to count. The skin in this class responded immediatel}^ and 
\Nas cold, pale, clammy and slightly cyanotic, made complete recoveries from shock 
Plasma-saline mixture was started immedi- with plasma infusions. (It is the added 



Fig. ~. Case \ n. Traumatic shock. Fractured tibia, fibula, 
three ribs and right CoIIes’ fracture. 


ately. After receiving 400 cc. the pressure had 
risen to 60/15 hut the pulse was still t ert' weak 
and rapid. Tvo thousand cc. of the plasma- 
saline mi.xture was given within the first two 
hours after admission. At this time there was a 
gradual rise in blood pressure to 90/50 and a 
fall of pulse to 120. At the end of the intrave- 
nous injection the patient’s condition v as much 
improved. There was steady' lmpro\'ement. The 
blood pressure returned to normal and pulse 
rate dropped to 1 10 two and one-half hours 
after admission. (Fig. 7.) 

DISCUSSION 

Singical Shock. Case i is an example of 
the common occurrence of shock during an 
operative procedure. One-third of the 
sixty-three cases of surgical shock in our 
series were similar to the above. Case i 
demonstrated the active response of surgi- 
cal shock to plasma. After receiving only 
250 cc. of the plasma-saline mixture, this 
patient’s blood pressure had risen to 160/90 
from 50/32. All of the twenty-one patients 


support which plasma git’^es this group 
which will, no doubt, allow more surgery to 
be performed at each operation.) 

Cases II and iii are protot3^pes of the 
frequent shock states occurring imme- 
diatel}' or soon after surgical procedures. 
Both patients showed immediate and sus- 
tained response to plasma. The difference 
in doses between Cases ii and iii was deter- 
mined b}- the size of the patient, clinical 
appearance of the patient, and the length 
of the operation. 

The question might be raised at this 
point if cases of this t3'^pe would not respond 
as well to infusion of glucose in saline. It is 
difficult to answer this question completel3X 
We believe that man3' cases of surgical 
shock might respond well to cr3^stalloid 
solutions if the3^ are onl3" in earl3’’ and mild 
shock states. However, if the pathoIog3^ has 
passed be3'ond this point and there alread3' 
exists some increase in the capillar3’' perme- 
abilit3-, cr3’'stalloids will not suffice; and a 
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colloid preparation of plasma is required 
for permanent and elFicicnt results. Previ- 
ous to the use of plasma in our institution, 
most of the thorocoplastic patients received 
a blood transfusion immediately after 
operation. This is probably the custom 
among other thoracic surgeons. Mowever, 
we now use plasma practically exclusively, 
since most thorocoplastic operations arc 
not accomplished by excessive blood loss 
and our results have been all that could be 
desired. If a tuberculous patient is anemic, 
we treat anemia with repeated small blood 
transfusions pre- and postopcrativcly. 

Cases IV and v represent shock treated 
with crystalloids without or with only 
minor reponse and also instances in which 
the shock states were severe enough not to 
respond completely and permanently to 
one plasma infusion. These examples serve 
to remove the impression which may pre- 
vail that one infusion of plasma is suflicient 
for secondar}" shock. 

These cases also illustrate the importance 
of close observation postopcrativcly for 
delayed secondary shock which may de- 
velop in spite of what at first seemed to be 
adequate treatment. In Case iv, the de- 
Ia3Td shock occurred one-half hour after 
a normal level had been reached. Case v 
did not go into delayed secondary shock 
until the da}^ after the operation. 

Traumatic Shock. Cases vi and vii 
exemplifj" the group of shock cases which 
occur as a result of traumatic conditions 
outside the hospital. This group is ver}' 
common in this daj'^ and age as a result of 
traffic accidents. Case vi on admission was 
in a state of compensation and did not 
show the clinical signs of shock. However, 
we are sure that if a peripheral blood count 
had been done it would have shown 
hemoconcentration. 

Blood pressure alone cannot be the 
pathognomonic sign of shock. Case vii was 
in severe shock on admission and treatment 
was started immediately in the accident 
room. He required 2,000 cc. of the plasma 
mixture to overcome his state of shock. Our 
experience has taught us that secondary 


shock states (as a result of trauma outside 
the hospital) usually require more plasma 
than those which occur during or after the 
average operative procedure. 

Case VII is the classical example illustrat- 
ing the advantage of having a reserve 
supply of plasma. If this young man had 
come into a hospital without a blood bank 
or plasma bank, he probably would not 
have survived as the delay necessitated in 
obtaining donors and blood, probably 
would have been fatal. Even with a blood 
bank and without plasma, the minimum of 
a half hour is usualK’ required to obtain 
blood for typing and cross-matching. Time 
consumed in administration of intravenous 
fluids ma\' determine the outcome of the 
case. Cases vi and vn are similar to the 
shock states that occur in warfare and it is 
this group that would benefit the most by 
an immediately available unlimited suppl\' 
of blood plasma. 

COMMENT 

Our results in eighty-one cases of second- 
ary shock have been satisfactorj' in most 
cases and in some even spectacular. We 
believe that the use of plasma will be 
routine in surgical services in the treatment 
of shock. Plasma is particular!}' an impor- 
tant adjunct to the small hospital. A blood 
bank as a rule has not been feasible in a 
small institution where the number of 
transfusions is less than two a day. A 
previous report from our blood bank 
showed that to maintain an adequate 
suppi}' of blood of all types, at least three 
transfusions per da}' were required and a 
supply of fifteen pints of blood. 

Naturally, this is not practical in the 
small hospital; but with plasma, all of the 
out-dated blood can be readily converted 
into plasma and stored for long periods, 
thus eliminating any waste and assuring 
the presence of an effective fluid for all 
emergencies. This will lead to a “Blood- 
and-PIasma Bank” in place of the “Blood 
Bank.” Likewise, with modern equipment, 
the simplicity of preparation and handling 
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of plasma offers an unlimited demand and 
use. The ordinary transfusion without a 
blood bank requires the typing of the 
patient, typing or serological tests upon the 
donor, venesection and cross-matching 
before transfusion. Conservatively speak- 
ing, this requires at least one to two hours 
to perform. With a blood bank system, a 
transfusion requires only typing of the 
patient and cross-matching of the donated 
blood. This procedure takes at least one- 
half hour to be carried out carefully and 
accurately. Plasma eliminates all of this 
since it requires no typing, and serological 
tests have been performed before the 
plasma is available for use. 

Another important advantage of plasma 
is the absence of reactions as compared to 
preserved whole blood. Personal records of 
2,000 whole-blood transfusions revealed a 
6.3 per cent reaction rate of which 0.4 per 
cent were severe. Plasma eliminates the 
emergency from emergency transfusions. 
We believe that in surgical shock, plasma 
is equally as efficacious if not superior to 
citrated preserved blood. 

The simplicity and ease of storage is 
another important advantage. Plasma may 
be stored at room temperature or refriger- 
ated at 4°c. This advantage will probably 
give the use of plasma a place in military 
service. 

Previous to the use of plasma in our 
Institution, approximately 5 per cent of the 
banked blood was discarded because it was 
too old and partly hemolyzed. Plasma has 
completely saved us this loss, and obviated 
the necessity of holding blood to the end of 
a maximum safe-storage period. 

The dose of plasma required in different 
cases depends entirely upon the etiological 
factors, the duration and severity of the 
§hock. The best way to answer this is to 
say that the dose is as much plasma as is 
required to obtain results, ^^’e have ob- 
tained results in some cases with only 250 
cc. of plasma and in others as much as 2,000 
cc. was required for a response. Four 
thousand (4,000) cc. of incompatible or 
untyped plasma has been given by us to 


one individual in a continuous intravenous 
drip. 

With the advent of the use of plasma in 
our institution, we have replaced whole 
blood transfusions with plasma trans- 
fusions in many cases of shock and it has 
proved clinically most satisfactory. 

During the earlier stages of our work 
with plasma, we often confronted men on 
our staff who hesitated to use plasma; but 
now the pendulum has probably swung too 
far, and plasma is being used very freely 
here. Time and further study will, no 
doubt, bring the pendulum back to a more 
normal arc. 

SUMMARY AND CONCLUSIONS 

1. Eighty-one cases of surgical and 
traumatic shock (secondar}' shock) were 
treated with a i-to-i plasma normal saline 
mixture that was prepared by centrifuga- 
tion from out-dated preserved citrated 
blood. The results were satisfactory in 
most cases and in some even spectacular. 

2. No typing, cross-matching, pooling 
or heating of plasma was performed before 
intravenous administration. 

3. Plasma may stand at room tempera- 
ture or refrigerated at 4°c. It has been 
stored for long periods at room tempera- 
ture in vacuum containers for eight months. 

4. Only two reactions occurred in over 
500 intravenous administrations. 

5. Large and repeated doses can be 
given without any ob^■ious complications. 

6. The use of plasma eliminated the 
time consumed in transfusions of whole 
blood, for it is always ready for immediate 
use. 

7. The more frequent use of plasma will 
materially aid any active seiA'ice in the 
preparation and care of surgical patients. 

8. It will probabh' prevent many cases 
of delaved surgical shock. 

9. The small hospital can conveniently 
maintain a “Blood-and-Plasma Bank.” 

10. Plasma offers to the medical ser\'ices 
of the armed forces a substitute for whole 
blood that can be handled with ease under 
many varied conditions. 
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II. The Joss of out-dated blood that 
occurs in a blood banic is removed with the 
use of plasma. 

We wish to thank Dr. J. Ross Veal and Dr. 
J. A. Parks for their co-operation, advice and 
use of their surgical cases, and Dr. Edgar A. 
Bocock, Dr. P. S. Rossiter, and Dr. C. C. West 
for manj' facilities. 
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A NEW OPERATIVE PROCEDURE FOR DUPUYTREN’S 

CONTRACTURE-*^ 

Elias Lincoln Stern, m.d. 

Instructor in Anatomy, College of Physicians and Surgeons, Columbia University 

NEW YORK, NEW YORK 


ONTRACTED fascia is the under- 
lying cause of Dupuytren’s contrac- 
ture. Usually the palmar fascia and 
its deep extensions to the interosseous 
fascia are involved. 

The principal reason for failing to obtain 
a permanent cure of the deformity has 
been the lack of a systematic method for 
removing all of this contracted fascia. The 
procedure to be described should loAver the 
high incidence of recurrences after opera- 
tions for this condition. 

The standard textbooks of anatomv give 
adequate descriptions of the palmar fascia. 
Some describe the deep extensions to the 
interosseous fascia. These deep extensions, 
it will be recalled, help to form canals for 
the lumbrical muscles, the digital vessels 
and ner\-es and the long flexor tendons. It is 
surprising to find that the text books on 
surgery as well as the special articles on 
Dupuytren’s contracture invariably lack a 
detailed method for the complete removal 
of all of the fascia which may be contracted 
in this condition. 

Regardless of the type of skin incision 
used it is the general concensus of opinion 
that tlie contracted palmar fascia must be 
removed. Contracture of the deep exten- 
sions may contribute to the flexion deform- 
ity as much as contracture of the palmar 
fascia. Removal of these deep extensions in 
addition to the removal of the palmar 
fascia is, therefore, essential for a perma- 
nent cure of the condition. 

The surgeon who is cognizant with the 
importance of thoroughly removing all the 
contracted fascia may be restrained from 
completing a thorough dissection by the 
fear of injury to the digital vessels and 


nerA'es. He usually proceeds to strip the 
palmar fascia awa}' by sharp dissection, 
and with his attention fixed on protecting 
the vessels and nerves ma}' leave strands of 
this fascia behind. If he appreciates the 
importance of removing the deep extensions, 
this may be accomplished in an incomplete 
and unsatisfactorv manner, with the result 
that the operation may fail to correct the 
deformit}- or the deformity is only partially 
corrected. 

After careful dissection of the skin and 
part of the subcutaneous tissue from the 
palmar fascia, the method devised by me 
consists of immediately locating the course 
of the digital blood vessels under the 
palmar fascia by palpation. No tourniquet 
is used and the pulsations of the arteries are 
easilv felt. The vessels with the digital 
nerves run in canals between the tendon 
sheaths of the long flexors of the fingers. 
The course of the tendons in their sheaths 
under the palmar fascia are in turn easll}'^ 
identified by extending the fingers. No 
attempt is made to strip off the palmar 
fascia, but instead this fascia is removed 
with its deep extensions to the interosseous 
fascia in the following manner: 

A series of longitudinal incisions are 
made directly over the tendon sheaths and 
over the canals for the blood vessels and 
ner\-es. (Fig. i.) To prevent injur}’^ to the 
tendons, blood vessels and nerves, a 
grooved director with a rounded but rather 
small pointed end is inserted immediately 
under the palmar fascia, in a proximal 
direction, and each incision is made 
through the palmar fascia down to this 
grooved director. In this manner the 
canals for the tendons, and for the blood 
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vessels and nerves, are opened without 5 .) In this procedure the vessels, nerves and 
iiijurv to the underlying structures, tendons on either side of the partition are 

1 \vo adjacent eut edues of the palmar protected In retraction. 'I’his deep exten- 
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Fig. 2. Fscision of deep estension witli att.iched portion of 
palmar fascia. Insert Resected deep extension \Mth its 
adjacent palmar fascia. 

fascia are secured in a hemostat just distal 
to the transverse metacarpal ligaments. 

(Fig. 2.) Traction is made proximally and 
upward, and at the same time the deep 
extension or partition from the underside 
of the palmar fascia is put on the stretch. 

This deep extension (and immediate ad- 
jacent portion of palmar fascia) is removed 
by incising deep down along the line of its 
reflection to the interosseous fascia. (Fig. 


sion or partition will usually be found to 
terminate proximally along a convex line, 
which corresponds to the location where 
the tendons diverge from the common 
palmar bursa. The individual partition 
when removed (Insert Fig. 2) will have an 
irregular shape; its upper margin will be 
continuous with a flange of palmar fascia 
e.xtending between two adjacent longitudi- 
nal incisions first made; its lower margin 
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will represent the line of its attachment to marked flexion deformity involving the 
the interosseous fascia. third, fourth and fifth fingers. The above 

The number of longitudinal incisions operative procedure resulted in the correc- 
made and, therefore, the number of deep tion of the deformity with no recurrence. 

Dorsal interosseous M. 



Fig. 3. Diagram shmvs line of e.vcision of deep e.vtension and attached 
part of palmar fascia, viewed from the side. 


extensions removed will depend upon the 
individual case. Usually the middle, ring 
and small fingers are involved in the con- 
tracture. This would necessitate six longi- 
tudinal incisions: (i) over the long tendons 
to the little finger; (2) an Incision over the 
canal between the little fmser and ring; 
finger; (3) another incision over the long 
flexor tendons to the ring finger; (4) one 
over the canal between the middle and ring 
fingers; (5) another over the long flexors of 
the middle finger; and (6) one over the 
canal between the index and middle fingers. 
In this manner the greater part of the 
contracted palmar fascia together with five 
deep extensions would be removed. An 
additional strip of palmar fascia may be 
removed from the lateral aspect overlying 
the tendons to the little finger. 

Should the index finger also be involved, 
two additional incisions would be neces- 
sary: (i) over the tendons to the index 
finger, and (2) over the lurabrical canal on 
the radial side of the index finger. Prac- 
tically the entire palmar fascia would thus 
be removed together with seven deep 
extensions. 

By following this procedure the operat- 
ing time may be markedly shortened while 
the maximum amount of contracted fascia 
can be removed with the least danger of 
injury to the blood vessels, nerves and 
tendons. 

The following report is of a patient with 
Dupuj-tren’s contracture who had a 


CASE REPORT 

Miss C. C., age twenty-four years, gave a 
history of having had repeated attacks of 
rheumatic fever starting at the age of thirteen 
years. Her tonsils had been removed three 
years before this. During the first attack of 
rheumatic fever, her knees, ankles, shoulders 
and elbows were involved but these cleared up 
after being in bed for six weeks. She was left 
with a contracture of the third, fourth and 
fifth fingers of the right hand. 

In an attempt to hide this deformitj-, she 
used to carr}- a handkerchief in this hand more 
or less constantly. She had made no attempt to 
have her fingers straightened out until she 
found that this deformity interfered with her 
social engagements. The rest of her history 
was irrelevant. 

Pln’sical examination re\'ealed a well de- 
veloped and well nourished, rather attractive 
young woman with a typical Dupiu^tren’s con- 
tracture of the right hand involving the third, 
fourth and fifth fingers. The joints of these 
fingers were not ankylosed. \\hth a forceful but 
unsuccessful attempt to extend these fingers 
strong contracted fascial bands could be seen 
and felt under the skin of the palm. The rest of 
the examination was essentiallv negative. 

An attempt was made to see what improve- 
ment would result from active manipulation, 
stretching, repeated hot and cold soaks, and 
electric stimulation and massage of the long 
extensor muscles of these fingers. A corrective 
glove was designed with pockets on the dorsum 
of the three fingers for slips of spring steel. 
After eight weeks of diligent effort along these 
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Fig. 4. SIio\ss the contracted fingers before the operation. 
Fig. 5. Shows the hand one month after the operation. 
Note the slight hj percvtension of the fourth and fifth 
fingers now possible, and the linear healed scar m the 
distal fle\ion crc.asc of the palm 
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Figs. 6, 7, 8 9 Four j ears after the operation. No recurrence 

of the contractures Complete functional restoration of the 
fingers. 
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conservative lines no improvement '\vhatsoe\'er 
was noted and operation was advised. 

Under general anesthesia a 2-inch incision 
was made in the distal palmar crease of the 
liand. The skin and part of subcutaneous tissue 
was dissected away from the palmar fascia all 
around tlie incision. The palmar fascia was 
found markedly thickened and contracted. The 
anatomical locations of the long tendons to the 
three outer fingers and intervening lumbrical 
canals were determined, and then eacli passage- 
way was opened by longitudinal incisions made 
upon a groo\'ed director first inserted under the 
palmar fascia as described above. The fascial 
septae or deep extensions from palmar fascia 
to interosseous fascia were likewise found 
thickened and these were completely removed. 
Four such deep extensions were removed to- 
gether with the palmar fascia which had 
covered the lateral half of the palm. There was 
very little bleeding, and after the resection of 
the fascia the fingers could be straightened out 
with ease. The flexor tendons were not 
lengthened. The incision edges in the skin and 
subcutaneous tissue were then approximated 


with interrupted silk sutures, and a volar splint 
applied. 

Manipulation of the fingers was started on 
the third day after the operation. The patient 
left the hospital after four days, but was seen 
frequentl}’- at the office during the following 
three weeks. The patient was given active and 
passive exercises for her fingers. The wound 
healed b}’- primary union. The functional cor- 
rection of the contractures was verj’- satisfac- 
tory; the scar in the palmar crease was hardly 
noticeable. 

Four years later there was no e\'idence of any 
recurrence of the deformity. (Figs. 4 to 9.) 

SUMMARY 

1. A procedure for a more complete 
removal of the palmar fascia and its deep 
extensions in Dupuytren’s contracture is 
described, 

2. A case report is given in which this 
procedure resulted in complete functional 
restoration. No recurrence of any contrac- 
ture was noted after four 3'ears. 



THE PREPARATION OF SUPERFICIAL WOUNDS FOR SKIN 
GRAFTING BY THE LOCAL USE OF SULFANILAMIDE 
AND SULFANILAMIDE^ALLANTOIN OINTMENT^ 


J. Ross Veal, m.d., Roy G. Klepser, m.d. and Michael P. DeVito, m.d. 

WASHINGTON, D. C. 


T here are several methods of prepar- many cases require the use of skin grafts, 
ing superficial granulating wounds for These include extensive body burns, trau- 
the reception of skin grafts. The most matic wounds, postoperative skin defects, 
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SULFANILAMIOE ALLANTOIN OINTMENT DAILY 
(ALLANTOMIOE) 



DAYS AFTER DEBRIDEMENT 


Fig. 1 . Chart showing rapid control of infected second and third degree burn of buttocks, following debride- 
ment and the topical application of sulfanilamide and sulfanilamide-allantoin ointment. Entire lesion 
grafted at one stage. Note position and size of lesion on buttocks. 


successful has been continuous wet dress- 
ings or irrigations with normal saline solu- 
tion and mild antiseptics. These measures 
require expert management and constant 
attention. In some parts of the body they 
are difficult to apply and are anno5dng to 
the patient. A more simple and effective 
method has long been needed. This need 
seems to have been fulfilled with the 
introduction of the sulfonamides. The 
results obtained bj' the local application of 
sulfanilamide and sulfanilamide-allantoin 
ointment in preparing some forty super- 
ficial ulcerations for skin grafting forms the 
basis for this report. 

In a large surgical service, such as we 
have at the Gallinger Municipal Hospital, 


amputation stumps and chronic leg ulcers. 
Practically all such lesions are contami- 
nated or grossly infected. The chief aims of 
treatment should be the control of the 
infection and the promotion of the natural 
processes of healing. The healing time of 
granulating wounds depends upon the size, 
depth, vascularity, location and the activ- 
ity of the infecting organisms. Many of the 
smaller superficial ulcers will heal promptly 
if the}' are kept clean and the growing 
epithelium is protected. The healing time 
of the larger ulcers may be tremendousl}' 
shortened by the use of autogenous skin 
grafts. However, in order to apply skin 
grafts successfully to such lesions the field 
must be properly prepared. The bacterial 
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activity, or infection, must be inhibited and 
an adequate blood supply of the granulat- 
ing bed promoted. In a recent communica- 


trolled. Prolonged local use of the pure 
drug may slow the healing process in 
granulating wounds by inhibiting the 




^ Va •l.*Z - 



A B C 

Fig. 2. .A, photomicrograph of granulation tissue of ulcer after controlling infection by the local applica- 
tion of sulfanilamide. Note the scant number of blood vessels, b, same area of ulcer after ten days’ 
applic.ation of 2 per cent allantoin. Note increased vascularity and also the exacerbation of infection, 
c, same area after being treated by the local applic.ation of sulfanilamide-allantoin ointment for ten 
days. Note the marked decrease in infection with the maintenance of adequate blood suppK-. 


tion^ we outlined the technic used in 
combatting local infection in pyogenic 
wounds by the topical application of sulfa- 
nilamide and sulfanilamide-allantoin oint- 
ment. The same routine has been highh' 
eftective in controllins: the infection in svi- 
perficial granulating wounds. After proper 
application of this form of treatment, these 
wounds have been found to be in an ideal 
state for the reception of skin grafts. 

Sulfanilamide, when applied directly to 
an infected or contaminated wound, in- 
hibits bacterial growth according to the 
degree of concentration of the drug. Its 
action is a direct one, and the drug must 
come into actual contact with the organ- 
isms to be effective. = This means that the 
lesion to be treated must be adequately 
debrided and all parts made accessible. 
Sulfanilamide inhibits the growth of all 
the common organisms found in surface 
wounds. Among; these are the various 
strains of staphylococci, streptococci, the 
colon-dysentery group, diptheroids and 
Bacillus pyocyaneus. A single application 
of the pure sulfanilamide does not sterilize 
the wound. A fresh supply must be added 
daily until the infection is completely con- 


vascularization of granulation tissue and 
retarding the growth of new epithelium.^’® 

We have found that by substituting 
sulfanilamide-allantoin ointment for the 
concentrated powder after the infection has 
been controlled active healing will quickly 
revive. Robinson^ has previous!}" demon- 
strated that allantoin has a stimulating 
effect upon epithelization by increasing the 
vascularitv of grranulatlon tissue. The 
sulfanilamide-allantoin ointment (allan- 
tomide) contains lo per cent sulfanilamide 
and 2 per cent allantoin in a special base. 
This amount of sulfanilamide prevents 
reactivation of the bacterial growth and 
yet does not produce a harmful effect on 
the delicate new epithelial cells. Two per 
cent allantoin has proved sufficient to 
promote rapid development of blood ves- 
sels in the granulation tissue. The base® of 
this ointment contains stearic acid, tri- 
ethanolamine and glycerine, which is 
greaseless and^apparently insures complete 
liberation of both the active ingredients. 

The following method has now been used 
in preparing more than forty cases of 
superficial ulcerating areas for skin grafts. 
It has proved highly successful and quite 
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the most practical of all. By this technic a stage we have applied sulfanilamide-allan- 
graft of almost unbelievable size can be toin ointment dressings to the ungrafted 
used at one operation. The postoperative area while awaiting the next stage. (Fig. 6.) 



Fig. 4. Extensive streptococcic .and gas bacillus infection of leg with 
skin gangrene. Rapid control of infection by the topical applica- 
tion of sulfanilamide after debridement; granulation tissue pre- 
pared by sulfanilamide-allantoin ointment, a, granulation tissue 
read\’ for graft, n, successful graft in one stage. 



Fig. 5. Carcinoma of face with gross infection; excision; control of 
infection by topical application of sulfanilamide and sulfanilamide- 
allantoin ointment, a, carcinoma of face before axcision. b, gr.anu- 
lation ready for graft, c, healed graft. 

care of the grafts has varied considerably. This dressing has maintained control of the 
but in all cases the grafted part has been infection and has not interfered with the 
immobilized. When the entire granulating “take” of the graft, 
surface has been covered at one stage, we 

have used wet and dry dressings with equal summary 

success. In those cases in which only a Sulfanilamide has proved to be an excel- 

portion of the lesion was grafted at the first lent local agent in combatting bacterial 
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growth in infected and contaminated 
surface wounds. The action of the drug is a 
direct one and must come into contact with 
the invading organisms. Prolonged use of 


We wish to thank TIic National Drug Com- 
pany, of Philadelphia, Pennsylvania, for fur- 
nishing us with the allantoniide used in this 
study. 
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Fig. 6. Chart showing rapid control of infection by sulfanilamide locally in evtensive second and third degree 
burn of back following debridement. Preparation of granulation tissue for skin graft by topical application 
of sulfanilamide-allantoin ointment. Note size of graft used and the healthy appearance of granulation 
tissue. 


the pure drug may retard healing. Com- 
plete removal may allow a reactivation of 
the infection. Both of these disadvantages 
may be averted by substituting sulfanil- 
amide-allantoin ointment for the pure 
powder after the infection has been con- 
trolled. The allantoin promotes active 
vascularization of the granulation tissue 
thereby creating a favorable state for the 
reception of skin grafts. The e.vcellent 
results obtained by preparing some forty 
superficial wounds for skin grafting by the 
local use of sulfanilamide and sulfanil- 
amide-allantoin ointment (allantomide) has 
been most encouraging. The method is 
simple and applicable to all areas of the 
bod}". 
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THE USE OF A PLASTER SLIPPER IN THE MANAGEMENT 
OF SIMPLE FRACTURES OF THE TOES=^- 


Joseph E. Macmanus, m.d, 

COOPERSTOWK, ISiEW YORK 


T he purpose of this article is to pre- the tips of the toes, back beneath the 
sent a practical form of light plaster plantar aspect of the foot and heel, and 
support which affords comfort, pro- up to the posterior intermalleolar line. 



Fig. I. This illustration indicates Fig. 2. This photograph shows the 
the method of taking the mens- method of applying the plaster 
urements. to the foot. 


tection and relative immobilization for 
minor fractures of the toes. It is simple to 
construct, may be removed quickly and 
reapplied with ease. Many methods have 
been suggested for attaining these objec- 
tives. They vary from simple adhesive 
strappings to circular plaster casts which 
include both the foot and toes. The simpler 
methods frequently do not provide suffi- 
cient stability and protection for the 
broken phalanx. The more sturdy supports 
provided by plaster boots or malleable 
aluminum forms seem cumbersome to the 
patient and are usually time consuming in 
their application. 

TECHKIC 

^Measurements of the foot and ankle are 
taken from the anterior intermalleolar 
line over the dorsum of the foot, across 


(Fig. 1.) Two strips of cotton flannelette 
four inches longer than the required length 
and six inches wide are laid out on the 
plaster table. Strips of plaster are con- 
structed (dry) with four to six inch rolls. 
The length of the strips correspond with 
the original measurements taken of the 
foot. Eight to ten thicknesses of plaster 
are sufficient. The patient’s foot is then 
carefully bathed, dried and powdered, 
especially betAveen the toes. Small squares 
of cotton are placed betAveen the digits. 
The fractured toe can be further immobil- 
ized Avith crossed adhesiA'e strips, if this 
seems adAusable. The bony prominences of 
the tarsal bones, the base of the fifth 
metatarsal, the head of the first meta- 
tarsal and the heel are then protected AA*ith 
a feAv thicknesses of sheet Avadding. The 
plaster is dipped and laid out smoothly 
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oil one of the above incntionecl llannel desirable to allow the patient to walk, a 
strips. The edges of the flannel are folded wooden block heel and square v.ooden 
along the sides and ends of the plaster in sole may be placed in the folds of the 



Fin. 3. Till-: picture rfcmori'.tr.ntC': Fin. 4 TIu- .nlKnc illiistr.Ttion 

the jjropcr dhiIi'kI nf rsppKinp jircMiils tin c.!*.* inoFkd to 

.nncl rcnto\inp tin. iiio'tl. tin- foot. 


order to cover all rough edges. The strip 
is then applied to the foot and gently 
molded to the peculiarities of the individual 
e.vtremity. (Fig. 2.) When the plaster has 
begun to harden, an ace bandage is applied 
evenly and snugly to maintain constant 
pressure on the mold. It will be found 
that when fully hardened the plaster can 
be removed easily by gently separating 
the dorsal from the plantar portion of the 
cast. (Fig. 3.) The plaster usually possesses 
enough flc.xibility at the toe angle to allow 
this adjustment without cracking. The 
mold can be easily replaced and secured 
with the bandage. (Fig. q.j If it seems 


mold before the plaster is applied to the 
foot. 

CONCLUSION 

Simple fractures of the toes in which the 
fragments tend to remain in satisfactory 
position are not as a rule difficult problems 
in management. It is, however, important 
to provide comfort for the patient and 
stability for the fragments while the heal- 
ing process is in progress. The type of cast 
presented in this paper can be worn 
with comfort, is easy to apply and affords 
the fractured phalan.x adequate protection 
and support. 
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OBSTRUCTION OF THE COMMON BILE DUCT 
BY A DETACHED PIECE OF LIVER* 

N. Frederick Hicken, m.d. and J. LeRoy Kimball, m.d. 

SALT LAKE CITY, UTAH 


I T is most unusual to find a detached 
piece of liver so firmly vedged in the 
ampulla of Vater that it produces both 
an obstructive jaundice and a persisting 
external biliar}' fistula. The pathogenesis of 
this bizarre complication is so easily under- 
stood when A’iewed in retrospect. 

CASE REPORT 

Mrs. M. AlcD., a stenographer, forty-two 
years of age, entered the hospital because of an 
“acute abdomen.” During the past five years 
she had had recurrent attacks of flatulence, 
indigestion and mild, colic-like pains in the 
right hypochondrium. Four days previous to 
entering the hospital, she was seized with per- 
sistent nausea and vomiting. Palliative treat- 
ment proved inefl'ective. 

Physical e.xamination ga^•e evidence of a 
profound toxemia. The lips were excoriated by 
herpetic ulcers, the tongue was dry and fur- 
rowed, and the breath was decidedly acidotic. 
The entire epigastric area possessed a board- 
like rigidity and the remaining portion of the 
abdomen was tympanitic. No peristaltic sounds 
were audible. The temperature varied from 99.2 
to i03.2°F. and there were 18,000 leucocytes 
with an 88 per cent neutrophilic count. 

Emergency treatment consisted of gastric 
decompression, inhalation of oxyen, hot fomen- 
tations to the entire abdomen, morphinization, 
and the intravenous administration of 3,000 cc. 
of 5 per cent solution of glucose in plwsiologic 
saline. Even this rigorous therapy failed to 
arrest the storm and an immediate laparotomy 
was advised for fear that the gallbladder had 
undergone gangrenous changes and perforated. 

The peritoneal cavity was opened through a 
right rectus incision and a large, tense, acutely 


inflamed gallbladder immediately presented 
itself. The common bile duct was enlarged and 
indurated but no stones could be palpated. The 
pancreas was swollen, firm and edematous. 
Fifty-five cc. of thick purulent bile were 
aspirated from the gallbladder and on opening 
this decompressed viscus, its gangrenous mu- 
cosa was found to be completely detached from 
the underlying muscularis. No difficulty was 
experienced in extirpating the necrotic mem- 
braneous lining as it came away en masse, 
forming a distinct cast of the gallbladder 
cavity. Five facetted stones were removed 
from its lumen, one of which had become im- 
pacted into the orifice of the cj^stic duct. 
Digital e.xploration revealed an ulcerative per- 
foration of the posterior wall of the gallbladder 
and two small stones were removed from the 
contiguous liver abscess. The patient’s con- 
dition was so serious and the cholangitis and 
pancreatitis were so extensive that further 
exploration seemed unwarranted, therefore, a 
simple cholecystostom}' was performed. 

The immediate postoperative course was 
most pleasing except that the stools remained 
acholic for all the mucopurulent bile escaped 
from the e.xternal fistula. This was not unex- 
pected as the inflamed pancreas was capable of 
producing a compressive occlusion of the 
ampullic portion of the common bile duct. In 
order to obtain accurate information concern- 
ing the functional status of the biliarj'' tree a 
deferred cholangiogram was made on the eighth 
postoperative day. The gallbladder and cj^stic 
duct appeared to be normal but the ampullic 
segment of the choledochus was obstructed so 
that the contrast fluid could not enter the 
duodenum. The location and contour of the 
occluding lesions strongly suggested the pres- 
enee of a stone. (Fig. i.) 
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Several attempts were made to dislodge the hepatic abscess which was easiK evacuated, 
calculus by means of the ‘‘biliarj’- flush.” Ten days were required for the to.vic reactions 
Plwsiologic doses of amyl nitrite and atrophine to subside. During this interval, she received 



Fig. I. Postoperative cholangiograni visualizes the gall- 
bladder (gb), the cystic duct (cd), and the dilated com- 
mon bile duct (cbd). The contrast fluid could not enter 
the duodenum because of an ovoid filling defect u hich 
completely obstructs the ampulla of Vatcr (o>. Calculus? 


sulfate were given to relax the sphincter of 
Oddi, following which the common bile duct 
was subjected to positive pressure ia\'ages with 
warm olive oil. The results were most dis- 
appointing. As Best and Hicken* had success- 
fully emploj'ed the biliary flush in other cases 
it was believed that our failure was due to an 
e.vtensive pancreatitis producing a compressive 
occlusion of terminal choledochus. The patient 
was permitted to go home; we hoped that pro- 
longed T-tube drainage would permit the 
cholangitis and associated pancreatitis to 
subside. 

Four weeks later she was re-admitted to the 
hospital complaining of chills, fever, colicky^ 
pains and jaundice. Copious quantities of 
purulent bile drained from the T-tube. The 
soft tissues in the right hypochondrium were 
swollen, tender and ver\' painful. A curv'ed 
hemostat was passed along the outer margin of 
the drainage tube until it entered the sub- 


intense vitamin therap}' and two transfusions 
of whole blood. A second exploration was 
deemed advisable. 

When the patient was on the operating table, 
45 cc. of diodrast* was injected into the 
cholecystostom}' tube. The gallbladder, c\’stic 
duct, hepatic abscess and all the dilated bile 
ducts were clearly visualized. The ampulla of 
Vater contained an irregular ovoid “filling 
defect ” which was thought to be an obstructing 
calculus. (Fig. 2.) 

The common bile duct vas opened and two 
pieces of bile-stained tissue were removed from 
its lumen. No other obstructive lesions could be 
detected, hence a T-tube was placed in the duct 
and a second operative cholangiograni was 
made. This revealed the common bile duct to be 
patulous for the contrast fluid had alread\' 

* Diodrast (70 per cent by weight volume) supplied 
by the Department of Medical Research of the Win- 
throp Chemical Company. 
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passed into the duodenum. (Fig. 3.) The gall- 
bladder ^Yas removed in a retrograde manner 
and the perforation of its posterior wall was 
clearly demonstrated. The contiguous liver 
substance was necrotic, shagg}' and was covered 
with plastic evudate. Apparently this was the 
oricin of the migratory pieces of liver which 
plugged the common bile duct. 

The convalescence was uneventful and very 
rapid. A deferred cholangiogram was taken on 
tlic eighth postoperative day and all the bile 
ducts were found to be functioning normally. 
The T-tubc was, therefore, removed and the 
external sinus closed within the next three days. 
She returned to her former occupation on the 
eighteenth postoperative day. 

The pathologist’s report was as follows: 
“Two pieces of bile stained tissue measuring 
1^2 cm. X 3 cm. and 3 i cm. X ^4 cm. were 
removed from the common bile duct. Their 
outer surfaces were covered with a thick, well 
organized plastic exudate while the central por- 
tion was made up of firm organized tissues. 
Histologically they represent fragments of liver 
tissue. The central group of cells seemed viable 
but the outer layer was necrotic and degener- 
ating. There was no evidence of calcification or 
stone formation. The tissues were impregnated 
with biliary pigments.” 

DISCUSSION 

The clinical course is easily understood 
when all facts have been accumulated. The 
gallstones apparently obstructed the cystic 
duct, thus producing an acute hydrops. 
The concomitant infection, distention and 
vascular stasis initiated thrombosis and 
gangrene of the mucosal tissues with per- 
foration of the gallbladder wall. The sub- 
hepatic abscess permitted the necrosis and 
Iragmentation of the contiguous liver cells. 
Two pieces of liver tissue became detached, 
iloated through the perforative opening 
into the lumen of the gallbladder, along the 
patent cystic ducts into the choledochus 
and finally lodged in the ampulla of Vater. 
The occlusion of the common bile duct 
accounted for both the jaundice and the 
persisting fistula. 

1 hi«: case clearly demonstrates the value 
of operative and deferred cholangiograms. 
Hie fiwmer provides an accurate pattern of 


the bile ducts and clearly visualizes all 
types of troublesome obstructions.- This 
permits the surgeon to plan intelligently 



Fig. 2. Forty-five cc. of diodrast (70 per cent) were 
injected into the external fistula wliilc the patient 
was on the operating table. The cholangiogram 
visualizes the gallbladder (gb), patent cj’stic duct 
(cd), subhepatic abscess (sa) dilated common bile 
duct (cbd), and obstructive occlusion of the ampulla 
of Vater (o). Note that the obstruction is incom- 
plete as the diodrast is seen in the duodenum (d), 
and the jejunum (j). 

correctix'e procedures and obxfiates man}- 
unnecessary ductal e.xplorations. Ever}* 
patient submitting to a cholecystostomy or 
choledochotomy should have a complete 
cholangiographic study before the drainage 
tubes are removed. If the ductal patterns 
are normal, an uneventful convalescence 
can be anticipated. If, however, definite 
obstructive lesions are recognized, the 
patient should be appraised of such un- 
desirable complication and plans should be 
made to remove the obstruction as soon as 
conditions are favorable. It seems most 
unwise to wait for jaundice, cholangitis, 
pylephlebitis and hepatic insufficiency to 
develop before advising the secondary 
exploration. These undesirable complica- 
tions are responsible for the high mortality 
rate associated xvith re-operations on the 
biliary tract. 
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SUBCUTANEOUS RUPTURE OF MECKEL’S DIVERTICULUM 

H. A. Gamble, m.d. 

GREENVILLE, MISSISSIPPI 


S ubcutaneous rupture of the bowel 

by blunt force is not an unusual occur- 
rence, but rupture of a Meckel's 
diverticulum under similar conditions is 
very rare. A fairly complete search of the 
literature over the past twenty years does 
not yield a report of a single incidence. 

Subcutaneous rupture of the bowel can 
occur in three ways: Moty’s classification, 
which has been generally adopted, is first 
by crushing, second intestines are torn and 
third the intestines may be burst by pres- 
sure within its lumen. This force may be by 
^ direct or indirect violence or by muscular 
action. Direct violence is well illustrated by 
the kick of a horse, the jabbing of a plow 
handle, the sudden striking of a blow by a 
piece of timber or the crushing incident to 
being run over bv a car. That bv indirect 
violence is more often by a fall in which 
•there is more direct trauma to the abdo- 
men, and secondly and least frequent is 
occurrence by the sudden compression of a 
loop of bowel filled with gas. While most 
writers seem to think that this is relatively 
rare, we believe that if one takes into con- 
sideration the laws of physics, this is an 
element which plays a most important role 
in the majority of ruptures. 

The stomach and large bowel are com- 
paratively immune to injury, no doubt on 
account of their being in a protected loca- 
tion. Most ruptures occur in the small 
bowel and are said to be near some point of 
fixation. However, our obserx^ation in six 
cases has been that they occur in a fairly 
mobile section of the intestine. It is a fact 
that they are usually in the ileum or the 
jejunum which is explained by these points 
‘T ^he gastrointestinal tract occupying a 
iairly unifonn relation to either the spine or 
promontory of the sacrum, and that in 
cither instance the bowel is crushed be- 


tween the force and the spinal column or 
the promontory of the sacrum. The direc- 
tion of the trauma has also a good deal to 
do with the nature of the injury to the 
bowel and the portion of the intestinal 
tract involved. In other words, a direct 
blow impinging the bowel from a fixed 
point is fairly uniform in affecting either 
the lower ileum or the jejunum, while an 
injury from an oblique force will be deter- 
mined mainlv bv the direction of the force 

• V V' 

and the obstacles which it encounters. 

The danger zone of the abdomen lies in 
the exposed region between the symphysis 
and the costal margin in that here there is 
no protection except for the soft parts of 
the abdominal wall, and most injuries of 
this character occur in this region. 

Ordinarily, there is a history of an in- 
jur3% the presence of pain, shock, muscular 
rigidity, nausea with some x’omiting and, 
the most diagnostic of all is the presence of 
free air in the peritoneal cavity as demon- 
strated by the -v-ray. Later there is an 
increase in the leukocyte count, abdominal 
distention and those symptoms incident to 
a progressive peritonitis. 

The mortality rate is high, some place it 
as high as 75 per cent to 80 per cent. This is 
due mainl}' to the delay in recognition of 
the pathology present. Sometimes it seems 
as if all factors conspire against an early 
recognition of such an injury. First, there is 
usually the delay in seeking medical advice; 
later there is a further delay in attempting 
to evaluate properly the symptoms to 
reach a correct diagnosis. 

Trealment. The first procedure is to 
combat shock, and secondly, early opera- 
tion is the one most important factor in 
treating these patients. If one waits for the 
development of sxTnptoms, a general peri- 
tonitis and death are almost certain 
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sequelae; therefore, if there is any doubt as 
to whether or not there is an intra-abdomi- 
nal lesion present, we have come to the 
definite conclusion that an exploratory 
laparotomy is imperative. 

The case, which is the basis for this 
report, was that of a patient struck in the 
abdomen by a plow handle and it is unique 
from three points of view : First, the open- 
ing was only pinhole in size; secondly, it 
was probably due to the bursting forth of 
gas in the lumen of the bowel, and third 
it occurred in a Meckel’s diverticulum. 

CASE REPORT 

S. A., age sixteen, healthy, while plowing was 
struck in the abdomen near the umbilicus with 
the handle of a plow at about lo a.m. June 1 5th. 
He suffered immediate severe pain, so severe 
that he walked only about thirty feet and was 
then taken home. At 3 p.m., five hours later, he 
was taken to a physician who immediately 
referred him to the hospital where he was 
admitted at about 5 p.m. 

Physical examination showed a well devel- 
oped youth of sixteen. Heart and lungs were 
normal, abdomen was rigid with general sore- 
ness but he complained of the most severe pain 
in the right lower quadrant. He had suffered 
some from nausea at the outset and had 
vomited once. His blood count showed 16,500 
leukocjctes with 82 per cent polymorpho- 
nudears. An x-ray of the abdomen was not 
made because of the characteristic historj' 
which would necessitate exploration. 

At 6.30 P.M. a low midiine incision was made 
and there was immediate evidence of peritoni- 
tis, the lower ileum being congested, distended 
and having flakes of adherent mucus upon it. 
There was also present a thick, dark, yellowish 
fluid exudate around the cecum, in the pelvis 
and in Morrison’s pouch. The small bowel was 
carefully examined from the ileocecal valve to 
the duodenum without finding a perforation. A 
Meckel’s diverticulum about t^vo and one-half 


inches long was found about three feet from the 
ileocecal valve but apparentlj’^ was healthy, and 
on account of the seriousness of the condition 
present it was decided to leave it alone. The 
large bowel and the stomach were then care- 
fully examined throughout with still negative 
results. The small bowel was again gone over 
without finding the presence of a leak upon 
either the mesenteric or antimesenteric borders. 
The Meckel’s diverticulum was again picked up 
and examined, firm pressure being made upon 
its base when there could be distinctly heard the 
whistle of the escaping air from a pinhole open- 
ing in its distal e.xtremity. 

The omphalomesenteric vessels were ligated, 
the diverticulum divided between clamps, 
phenolized and a running overhand suture 
inserted; the clamps were removed and the 
sutures tightened, tied and reinforced by purse- 
string sutures of fine linen. An enterostomy 
with a mushroom catheter was then made 
about six inches proximal to the diverticulum, 
the appendix was removed and a large Penrose 
tube introduced into the pelvis and brought out 
through a stab wound just above the pubis. On 
account of the escape of the intestinal contents 
into the peritoneal cavity the wound was 
treated by the open technic. Continuous 
intravenous glucose was started immediatelj*, 
the patient placed upon his abdomen in bed and 
a therapeutic dose of antigangrene serum 
administered. The further course of this patient 
was without any untoward development. 

The pathological report was as follows: The 
appendix is 56 mm. long. The specimen of bowel 
is 30 mm. long. It is a diverticulum and near the 
end is a little bulged part with a pin-point 
opening in it. Sections of the diverticulum show 
the distal portion congested, edematous with a 
rather dense polynuclear infiltration, especially 
just under the serosa. The mucosa is a tall 
villeous t3'pe with an edematous and congested 
stroma. There is no gastric mucosa. The appen- 
dix shows a slight congestion with onl}* a round 
cell infiltration in the mucosa and submucosa. 
Diagnosis: Acute diverticulitis with perfora- 
tion; chronic appendicitis. 



THE MIGRATION OF PROJECTILES IN BLOOD VESSELS=^ 


REPORT OF AN UNUSUAL CASE 

George J. Laird, m.d. 

Assistant Resident in Surgerj*, Stanford University Hospital 
SAN FRANCISCO, CALIFORNIA 


M any interesting cases of migration 
of bullets and foreign bodies 
through the channels of the cir- 
dilation, both arteries and veins, have 
been reported. To this group tve wish to 
add an unusual instance of migration of a 
bullet through the arterial svstem. 

CASE REPORT 

Mr. A. M., a Filipino, twenty-six j’-ears of 
age, was admitted to Stanford Lane Hospital 
January i6, 1935. He was shot at 10:15 
and seen at 10:30 p.m. The boy was rather 
frightened but in good physical condition. He 
was shot with a twenty-five calibre pistol at a 
distance of two yards. The patient threw his 
left Itand and arm in front of his bod}* to ward 
oft' the blow. Only one shot was fired. The 
patient fell to the floor when shot, then walked 
to a taxi and was brought to the hospital. 
Physical examination showed three bleeding 
puncture Avounds, tAA’o in the left arm, one in 
the left thorax located as folloAA s: one about one 
inch aboA*e the left elboAv anterolaterally, one 
about six inches higher on the arm antero- 
medially, and the third in the left thorax at the 
IcA'el of the second rib at a line of the outer and 
middle third of the claA'icIe. There aa’us slight 
bleeding but no sucking thoracic AAOund. The 
Avound in the chest Avas clean cut, circular and 
shoAved no carbon marks. There Avere no motor 
or sensory changes in the left hand or arm. The 
left pulse AA'as much Aveaker than the right. 
Examination of the chest rcA'ealed dullness and 
absence of breath sounds about three inches 
liigher on the left than right back. Respirations 
Avere 30 per minute, and the pulse rate AA-as 76. 
The patient had a feeling of faintness and 
shortness of breath. The AA'ounds Avere treated 
Avlth 4 per cent iodine and sealed, and the 
patient Avas sent for .x-rays. 


Fluoroscopic examination failed to reA*eal a 
bullet in the thorax. No fluid IcA^el AA*as made 
out. A high diaphragm AA'as seen on the left. 

Fluroscopic and .x-ray examination early the 
following morning shoAA'ed the bullet to be in the 
left thigh just beloAv the groin. At this time 
the dorsalis pedis pulse AA'as good and there AA*as 
no pain in the leg. His left leg appeared to be 
slightly larger than the right and felt AA'armer. 
There AA'as no hemorrhage. 

He AA'as prepared immediately for operation. 
The bullet AA'as located by .x-ray before oper- 
ation by means of a lead square placed on his 
leg. .The position AA'as marked out Avith acri- 
flaA’in. Dr. Emile Holman Avas the surgeon. 
Under local anesthesia a skin incision about 
10 cm. long, immediately oA'er the femoral 
A'essels, AA'as made through the full thickness of 
the subcutaneous tissues. The femoral artery 
and A'ein, Avith their accompanying nerA'es, 
AA'ere located. These A'essels AA'ere deA'eloped by 
blunt dissection. After some searching the 
bullet could be palpated in the proximal portion 
of the deep femoral artery about i cm. from its 
origin. Taa'o braided silk sutures AA'ere passed 
about the deep femoral artery on either side of 
the bullet. An incision about one-third of the 
diameter of the A essel AA'as made through its 
AA'all and the bullet delE'ered. An unsuccessful 
attempt AA'as made to suture the incision in the 
artery. The artery AA'as then diA'ided, ligated 
and transfixed AA'ith double medium black silk. 
The subcutaneous tissues and skin AA'ere closed. 
The bullet shoAA'ed no bone markings. 

His postoperatiA'e course AA'as quite uncA'ent- 
ful. ScA'eral chest films AA'ere made and on the 
first postoperatiA'e day a moderate amount of 
fluid appeared in the left chest. Fifteen days 
after the operation, on discharge from the 
hospital, the amount of fluid at the left base 
had decreased to a A'ery small amount and the 
diapluragm had become loAver. 
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We have followed this patient from time to 
time in our Out-Patient Surgical Dispensary 
since his dismissal. At the present time, five and 



Fig. I. Photograph of .v-ray showing buliet in the 
left deep femora! arteiy. 


one-half years after the accident, he is per- 
fectly well. 

Our conclusions of the mechanism are 
as foIIow's: It seems most probable that 
the nearly spent bullet entered directly 
into the subclavian artery in a well sup- 
ported location and carried the adventitia 
into the rent. As the invaginated vessel 
wall came back to its normal position, the 
opening tvas closed. The weak pulse was 
due 'either to spasm of the injured vessel 
or to the tissues carried in. The right and 
left pulses were of equal strength fifteen 
hours after injur}*. 

In reviewing the literature on the migra- 
tion of projectiles in blood vessels, four 
cases were found to have been reported 
similar to the one presented here; 
de Roualt relates the case of a soldier who 
had been shot in the arch of the aorta; 
the missile dropped into the left femoral 
artery causing an ischemic paralysis and 
gangrene of the limb, followed by death. 
Bland-Sutton reports a case of a soldier 
wounded in the chest. Four pints of blood 
were evacuated from the chest and the 
wound closed. Streptococci were obtained 
in the culture and the man died on the 
fifth day. At autopsy a small wound was 
found in the aorta just below the arch 


and the bullet embedded in firm clot 
in the external iliac artery. Boechel 
reports that a bullet, previously localized 
by fluoroscopic screen in the left heart, 
was found obstructing the femoral artery, 
where it caused gangrene of the limb 
requiring amputation. Piedelievre reports 
a case in which the bullet entered the 
chest to the right of the sternum. The 
patient died of a pericardial effusion. At 
autopsy the bullet was found in the left 
femoral artery at its bifurcation, having 
pierced the superior portion of the peri- 
cardium and then entering the aorta. 

Many interesting cases of the migration 
of projectiles in the heart and blood vessels 
are summarized in Keen’s Surgery. There 
are several papers discussing the experi- 
mental evidence of the varied migration 
of shot, rice, and other foreign bodies 
introduced into the arteries and veins, as 
a result of their migration into the heart 
and lungs, as well as studies of the weight 
and size of the foreign body, force of grav- 
ity and of posture. E.vperimental workers 
in this field have proved that under ideal 
circumstances bullets can be made to 
enter the lumen of a rubber tube, in which 
a water pressure has been established equal 
to the blood pressure in the aorta, after 
penetrating only one wall, as long as this 
tube is supported posteriorly. They have 
shown that gravity, posture, the specific 
gravity of the foreign body and the blood 
flow are all factors in the direction of the 
migration within the vessel. These result 
in rather remarkable and, in some in- 
stances, incredible migrations of the foreign 
body from the original site of injury, 
causing one to wonder how the A’ictims 
survived their wounds. 
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MULTIPLE SHELL WOUNDS 

A CASE REPORT 
Alfred J. Barbano, m.d. 

NEW BRUNSWICK, NEW JERSEY 


T he case report which follows presents 
several points of interest. The injuries 
caused by a shell explosion are similar 
to war wounds; the extent to which fluids 
were forced is somewhat unusual; the 
successful prevention of infection in the 
multiple wounds contributed materially to 
the outcome and the loss of blood tj^pe 
during the course of treatment introduced 
a very troublesome factor. 

CASE REPORT 

The patient was a well developed, muscular, 
wlxite male, age thirty-five. He was admitted to 
the emergencj' room of St. Peter’s Hospital, 
New Brunswick, New Jersey, December 27, 
1939. The injuries were due to the explosion of 
an artillery shell which was actually in his 
hands at the time of detonation. On admission 
the patient was conscious, but in extreme pain 
and morphine sulfate gr. was administered 
liberally. Superficial examination revealed an 
almost complete traumatic amputation of the 
left hand and right foot and a compound com- 
minuted fracture of the right tibia. The skin, 
subcutaneous fat and superficial musculature of 
both thighs medially, from knees to the peri- 
neum, had been torn away. The scrotum had 
been partially torn away and the remainder 
suffered a second degree burn. A gaping wound 
was visible adjacent to the anal orifice. The 
face was lacerated and burned as well as the 
eyebrows, eyelashes and hair over the frontal 
area. A tourniquet was immediately applied to 
the right leg and a sphygmomanometer cuff 
placed around the left arm. Blood pressure was 
exceptionally good (100/50) and pulse rapid 
(140) but of good quality. 

Immediate treatment included application of 
external heat, administration of combined 
tetanus and gas gangrene antitoxin. Glucose 
50 per cent (50 cc.) was given intravenously 
followed by a venocysls of 10 per cent glucose in 
saline. Visible bleeders were ligated and wounds 
irrigated with lavish amounts of preheated 


saline. Copious saline-soaked dressings were 
applied and the patient admitted to the surgical 
service of Dr. James L. Fagan. Shortly after 
admission 500 cc. of citrated whole blood was 
given. 

After four hours dressings showed an appal- 
ling amount of oozing. The pulse had lost its 
initial qualitj^ respirations were labored and 
blood pressure had fallen to 80/40. The 
Trendelenburg position was increased and both 
adrenalin and caffine sodium benzoate admin- 
istered. Venoclysis of glucose in saline was 
repeated. 

An additional four hours (eight after 
admission) warranted another half liter trans- 
fusion, which was followed bj*- a severe chill. 
Sodium bicarbonate orally was used to forestall 
renal block. In two hours 16 ounces of clear 
urine, (microscopicallj-) voided spontaneously 
dispelled our anxiety. Surgerj’- was deferred due 
to the condition of the patient. 

The following morning the right leg was 
amputated at the junction of the proximal and 
middle thirds emplojdng light cj'clopropane 
anesthesia. The left hand was amputated at 
the wrist. The medial thigh wounds were 
debrlded and the patient returned to his room 
in a fair condition. 

The forcing of fluids was continued and four 
hours postoperatively the patient spon- 
taneously voided 26 ounces (780 cc.) of urine. 
Computation of twenty-four hour fluids re- 
vealed a total Intake of 1 1,270 cc., viz 50 cc. of 
50 per cent glucose, 1,020 cc. of citrated whole 
blood, 1,500 cc. of 5 per cent glucose, 5,300 cc. 
of normal saline and 345 cc. of liquids orally. 
This wholesale administration of fluids is not 
presented as a routine method of therapy, for 
the disastrous results to a weakened myo- 
cardium or damaged glomerular system can 
readilj- be appreciated. However, having been 
given ample evidence of a well functioning 
cardiorenal sj'^stem we felt justified in pushing 
fluids as we did. 

On the first postoperative day forcing of 
fluids was continued. The patient’s temperature 
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rose steadilj’’ and there was evidence oi' weak- 
ness. An additional transfusion was given, but 
the laboratory advised that instead of the usual 
clear cut typing, a slight agglutination occurred 
when cross-matched. A severe chill followed 
shortb' after transfusion. The chills ceased after 
administration of i ampule of amyl nitrate per 
inhalation and nitroglycerin sublingually. At 
this time the patient became violently irra- 
tional. His temperature rose to io6°f. axillary 
(which was twice checked) pulse 144 and 
respirations to 136. 

On the second day removal of dressings dis- 
closed a thick discharge from the thigh wounds. 
This was extremely malodorous. Copious 
quantities of hydrogen peroxide were used for 
cleansing. The wounds were dressed with 
azochloramid-soakcd compresses in which were 
incorporated five-tube Dakin tubes. The scro- 
tum was supported with wide adhesive strips 
(Bellevue Bridge) and was also dressed with 
azochloramid compresses as was the pararectal 
wound. The nursing staff was instructed to in- 
still the solution into the Dakin tubes twice 
daily and soak all other dressings with azo- 
chloramid. On the face, application of sterile 
vaseline were adequate. 

During the second twenty-four hours the 
patient received a total of 8,890 cc. of fluids. 
Urinalysis at this time was essentially negative. 

An additional transfusion was contemplated 
but all previous t\-pe specific donors failed to 
cross-match and showed a dangerous amount of 
agglutination. The recipient was retyped and it 
was discovered that he was no longer Tj-pe iv 
(Moss); in fact, his blood no longer fell into anx' 
specific Upe. The apparent change of type was 
probabb’ a loss of specificity and transfusion 
had to be deferred because of this complicating 
factor. 

Smears indicated the presence of both 
staphlococci and streptococci in the various 
wounds and these findings were confirmed in 
cultures. Sulfanilamide (gr. 15) was adminis- 
tered everx’' four hours. That night the patient 
became irrational and tore off all dressings. 
Sodium luminal intramuscularly was given to 
avoid self-injurj'. On the sixth postoperative 
day it was necessary to use restraints to control 
the patient. Believing that absorption of large 
quantities of toxic material might explain this 
behavior, further transfusion was advised 
despite imperfect cross-matching. One-half 
liter of whole blood was administered and 
despite several chills general improvement 


followed. Within twenty-four hours the patient 
cleared up mentally; he was able to take a soft 
diet and for the first time had a spontaneous 
bowel mox ement. 

The administration of sulfanilamide was dis- 
continued after ingestion of 540 gr. to avoid 
deleterious hemopoietic retardation. A blood 
count warranted our action. Hemoglobin had 
been reduced to 35 per cent, erythrocytes 2,13 
million, Icukocx’tcs 19,300 with marked left 
shift. Other blood findings indicated evidence of 
achromia, polychromasia, anisocytosis and 
poikilocytosis. 

In view of the difficulty with transfusion, iron 
medication by mouth was instituted, supple- 
mented by liver extract as well as vitamins Bi 
and G. By the twenty-sixth day all wounds were 
gratifyingly clean and the thigh wounds ap- 
peared readx' for grafting. Despite this the 
patient’s temperature began rising and an ab- 
scessed area was discovered in the gluteal 
region. Using Hilton’s technic the area was 
drained and 1200 cc. of purulent material 
expressed. Uterine packing soaked in azo- 
chloramid was employed and the skin margins 
protected by zinc oxide ointment. On the 
thirtieth day the blood picture showed sufficient 
improvement to permit extraction of several 
teeth which had been broken by the impact of 
the explosion. By the fortieth day the need 
for further transfusion became imperative and 
to our gratification cross-matching was again 
possible. The patient’s condition had improved 
to the point at which massage and passive 
exercise were possible by the one hundred and 
fortieth day. All wounds had healed com- 
pleteh' with the exception of the right leg 
stump. One hundred and seventy dajs after 
admission he was discharged to the Out-Pa- 
tient Department for fitting of artificial limb 
and minor dressings. 

SU.MXURY 

Despite an exceedingly poor prognosis, 
the ability of the patient to tolerate high 
fluid intake plus the early control of infec- 
tion in the wounds due to the employment 
of azochloramid preparations contributed 
to a successful outcome. 

Loss of blood t\'pe while the patient was 
under treatment proved a troublesome 
factor which was partially offset by the 
administration of iron, liver extract and 
vitamins B 1 and G. 



AVULSION OF THE DISTAL TENDON OF THE 

BICEPS BRACHII 

Walter E. Sharpe, Jr., m.d. 

EVANSVILLE, INDIANA 


/VVULSION of the distal tendon of 
/“Y the biceps brachii is sufficiently 
rare to warrant the reporting of 
each new case. It is far less common than 
rupture of the tendon of the long head of 
the biceps. As late as 1931 Platt writing 
on tendon ruptures in general, was unable 
to find any record of such a case in surgical 
literature. Yet Gilcreest^ made an exhaus- 
tive review of the literature, including 
foreign journals, in 1934 and collected 
nineteen cases which included rupture and 
avulsion. To these he added three, one 
being his own. Since then I have found 
six additional cases in the American litera- 
ture in which the distal tendon of the 
biceps brachii was either ruptured or 
avulsed. Y^augh-® had two patients with 
a rupture of the distal tendon, one of 
which was proximal to the lacertus fibrosus. 
Since the other patient was not operated 
upon, it is indefinite as to whether it was 
a rupture or a^nllsion. This is mentioned 
especially because it has been stated in a 
standard surgical textbook that when the 
tendon of insertion ruptures it is always a 
true avulsion. Few textbooks make men- 
tion of the lesion at all. 

The question of whether or not there 
was a co-existing pathological condition 
of the tendon usually arises in injuries of 
this nature. No cause was found in the 
literature, but it seems probable that the 
stress of the muscle contraction is too 
great for the structures concerned and 
some point has to give way. Necessarily, 
there would not have to be pre-existing 
pathologic changes. However, Donhauser 
and Kenny* reported a case in which 
there was active inflammation and puru- 
lent exudate surrounding the insertion of 
the biceps tendon. McMaster** proved in 


a series of well controlled experiments on 
young, healthy rabbits that normal ten- 
dons do not rupture. Either the muscle 
will rupture or the tendon attachment will 
pull apart. 

The diagnosis of avulsion of the distal 
tendon of the biceps brachii should not 
be difficult. It nearly always occurs in 
men over forty. The history- .is similar to 
that of tendon ruptures in general. That 
is, during muscular exertion a sudden 
snap is heard and felt, simultaneously, 
with attendant sharp pain located in 
front of the elbow soon becoming constant 
and dull. Weakness of the upper arm is 
immediately noted. The examination usu- 
ally reveals ecchjmiosis over the ante- 
cubital fossa, the degree of which depends 
upon the amount of time that has elapsed 
following the injury. This may extend 
several centimeters proximal and distal 
to the elbow. The patient can flex and 
rotate his forearm but a definite weakness 
is noted, coupled with a soft bulge in the 
proximal half of the upper arm. The distal 
tendon can not be palpated. 

Treatment consists of operation as soon 
as possible. Since little has been written 
on this condition, the surgeon generally 
has no precedent to follow and must rely 
on his own ingenuity. Numerous methods 
have been employed for reattachment of 
the tendon. Platt*“ passed the tendon 
through a hole perforating the radius and 
sutured it to itself. While making a strong 
union, it does not necessarily re-establish 
the original supinating power of the 
biceps. Sonnenschein*® raised a trap door 
in the radius and placed the end of the 
tendon therein. Gilcreest” mentioned tvx) 
methods; first, Kerschner’s, in which the 
tendon was fixed to the radius with a nail. 
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Sfconcily, if tliis were not possible, lie 
advised stilurin*: it to the neipdiborinp 
soft struetures. W aujih-' stated that laseial 
transplant fixation thronizh drill iioies in 
the radius was proliably the best inetliod. 
l^opers'- use<l douiile. heavy braided siU; 
passed through drill holes in the radius 
and mattressed it in the end of the tendon. 
Leavitt ;ind Clements' searilied the bieip- 
ital tuberosity, drilling two holes in the 
medial projecting margin. Fiien they in- 
serter! iieavv silk through one hole and 
four strands of No. 2-.}o ri.ay ehromie 
catgut in the other. These were w()ven into 
the tendon, i)ul!ing it flat ag.iinst the 
scarified tuberosity. Hauman' made a 
small incision in b.ick of the u{>per part 
of the forearm tlirough which he passed 
No. 3 plain catgut. The end of the tendon 
was sutured with one end and the other 
tied over a gauze pad in b.ick of the fore- 
arm. This pulled the tendon down on the 
radius. Donhauser and Kenny* due to 
acute inllammation in this region, sutured 
tendon to the antebrachial fascia 3.5 cm. 
distal to the elbow. They obtained a 
satisfactory result but do not advise this 
method in the absence of infection. Another 
method that has been mentioned is sutur- 
ing the tendon to the brachialis tendon 
just before its insertion into the ulna. The 
laccrlus fibrosus should also be sutured. 
Postoperativcly, the arm is put up in 
flexion and partial supination. The length 
of time before beginning motion of the 
elbow varied from two to six weeks in the 
cases previously reported. 

Full function is usually obtained in about 
two to three months. There is sometimes 
mild discomfort in the elbow and five to 
ten degrees limitation of extension. The 
results seem to be uniformly good regard- 
less of the technic employed. 

CASE REPORT 

L. Q., a wliite man, aged forty-two, was 
admitted to the hospital on tlie evening of 
February 5, 1941, complaining of pain in the 
right arm. His past history' was interesting in 
that he had been accustomed to heavy work all 


hi*- life. iiig been ;i fniiiiflrv worker until 
.-ibotit six month*, prior to .'idmi'.sif)n. He gave 
the following histors': 



.About 0 A.x!, lVbru.'ir> 4. loH- "'di his right 
li.'tiul he [licl.ed up .a scuttle of coal weighing 
between iifty to seventy [Xiiinds. .As he flexed 
his fore-arm li» an ;ing!e of about too degrees he 
felt a sudden sharp pain in front of the elbow, 
simult.aneousls he.'iring a noise similar to that 
when ;i piece rif g.auze is torn. 1 here was imme- 
diate weakness of his arm and pain radiating 
from the middle of the fore.irm to the shoulder. 
His fore.'irm gnidii.-dlv extended bec.ause ho was 
iin.'ible to release his gri[) on the scuttle. The 
immedi.'ite pain u;ts followed \iy soreness 
thronghout the arm. .At (> r.xt. the following 
day he was sent by his physician to the hospital 
with a diagnosis of ''stmined ligament, severe." 
At this lime his symjJtoms were soreness and 
weakness of the right arm. 

His general [jhysieal examination was essen- 
tially normal except for obesity. 1 lis height was 
sixty-six inches and he weighed 197 pounds, 
unclothed. Blood Kline and .Mazinni reactions 
were negative. Insjxjction of the right arm re- 
vealed ecchymosis on the .-interior surface from 
just beneath the antccubita! fossa to the junc- 
tion of the middle and upper tliird of upper 
arm. There was tenderness over the usual 
course and attachment of the distal tendon of 
the biceps brachii. On contracting the biceps a 
large, soft lump formed in the proximal half of 
the upper arm and the distal tendon could not 
be palpated. (Fig. i.) 

A diagnosis was made of avulsion or rupture 
of the distal tendon of the biceps brachii, and 
on February 7, 1941, an operation was per- 
formed under inhalation anesthesia. A midline 
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incision was made on the anterior surface of the 
upper arm from the middle to about two inches 
above the antecubital fossa. On incising the 



tuberosity was exposed, revealing that the 
periosteum was stripped from the bone and 
frayed for a short distance. The synovial bursa 



Fig. 2. Fig. 3. 

Fig. 2. Di.igram showing the position of tlie tendon as 
found at operation. 

Fig. 3. Diagram showing position of tendon after attach- 
ment to the bicipit.al tuberosity. 



Fig. 4. Photograph of patient seven weeks postoperatively showing 
normal contour of right arm. 


brachial fascia a moderate amount of recently 
extravasated blood escaped. The fascial incision 
was lengthened and h'ing beneath this in the 
tipper part of the wound was the distal tendon 
of the biceps brachii. (Fig. 2.) The tendon was 
coiled upon itself, the end being smooth and 
bulbous with a small hematoma on the surface 
of attachment. The lacertus fibrosus was torn 
and frayed. 

Of necessity the incision was extended into 
the upper part of the forearm. The median 
basilic vein, branches of the recurrent radial 
artery and anastomosing branches of the 
braclxial vein were ligated allowing retraction 
of the median nerve, bracliial artery and veins 
medially. Then the pronator teres was retracted 
medially and by blunt dissection the bicipital 


was not found. Due to the man’s obesity the 
wound was quite deep. A drill hole was placed 
into the bicipital tuberosity on each side after 
the forearm had been fully supinated. The 
tuberosity was then roughened with a small 
osteotome. Then a strand of No. 2-40 daj' 
chromic catgut was inserted through the bone 
and passed through the tendon, whose surface 
of attachment had first been freshened, in such 
a way that it was pulled tight. The neighboring 
soft tissues were sutured to the end of the tendon 
with No. o chromic catgut. The latter part of 
the procedure had to be performed with the 
forearm flexed to about 95 to 105 degrees in 
order to relieve tension on the sutures, which, 
along with the depth of the wound, made work- 
ing tedious. An attempt was made to repair the 
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lacertus fibrosus but it was so badly torn the 
sutures would not hold. The wound was closed, 
using catgut for the brachial fascia and 
interrupted vertical mattress sutures of dermal 
for the skin. 

The arm was fixed in acute flexion at the 
elbow with a posterior plaster splint and taped 
to the chest. Active motion of wrist was started 
on the second postoperative da3^ On the twelfth 
postoperative da3* the tape was removed and 
skin sutures taken out. The wound had healed 
bj"^ first intention. Using a metal splint, the 
arm was then fixed in ninety degrees flexion and 
active motion of shoulder was begun. On the 
twenty-ninth postoperative day the metal 
splint was removed and a sling used. Active 
rotation of forearm along with the shoulder 
motion was encouraged. During the fifth week, 
infra-red, massage and passive motion was 
started along with weak galvanic stimulation of 
the biceps. By the end of the six'th week, post- 
operativelj’-, there was normal motion of the 
shoulder with less than five degrees limitation of 
extension at the elbow. There was no visible 
atrophj'. On contraction of the biceps the distal 
tendon was definiteh' palpable as a tense cord 
in the antecubital fossa. The patient was able 
to use the arm freeh' except for heav^^ lifting 
and complained of no discomfort. Figure 4 
shows a photograph taken seven weeks 
postoperativel3^ 

SUMMARY 

1. Axoilsion of the distal tendon of the 
biceps brachii is a rare injur}''. 

2. The various methods of repair are 
briefl}' mentioned. 

3. The method of simple attachment to 
the radius gives good results. 

4. A new case is reported. 

REFERENCES 

I. Bauman, G. I. Rupture of the biceps tendon. J. 

Bone C Joint Surg., i6: 966-967, 1934. 


2. CoNWELL, H. E. and Allredge, R. H. Ruptures 

and tears of muscles and tendons. Am. J. Sure., 
35: 22-33, 1937. 

3. Cotton, J. F. and Gordon, M. M. Ruptured 

biceps tendon: repair. New England J. Med., 210: 
960-961, 1934. 

4. Donhauser, J, L. and Kenny, J. M. At-ulsion of 

the distal tendon of the biceps brachii. Albany 
Med. Ann., 38: 19-24, 1939. 

5. Gilcreest, E. L. The common sj-ndrome of rupture, 

dislocation and elongation of the long head of the 
biceps brachii. Surg., Gioiec. & Obst., 58: 322-339, 

1934- 

6. Gilcreest, E. L. Dislocation and elongation of the 

long head of the biceps brachii. Ann. Sure., 104: 
118-138, 1936. 

7. Haldeman, K. O. and Soto-Hall, R. Injuries to 

muscles and tendon. J. A. M. A., 104: 2319-2324, 

1935- 

8. Harris, H. A. Rupture of the long head of the 

biceps brachialis with notes on four cases, Bril. 
M. J., 23: s-z-sis, 1936. 

9. Leavitt, D. G., and Clements, J. H. Awlsion of 

the distal biceps brachii tendon. Am. J. Surg., 30: 

83-b5. 1935- 

10. Lieberman, j. S. Traumatic subluxations of the 

long head of the biceps brachii. J. Bone C Joint 
Surg., 22: 425-428, 1940. 

11. McM ASTER, P, E, Tendon and muscle ruptures — 

clinical and experimental stj-dies on the causes 
and location of subcutaneous ruptures. J. Bone 
Joint Surg., 15: 705-722, 1933. 

12. McKee, G. K. Spontaneous rupture of tendon of 

long head of biceps. Brit. M. J., 1 1 : 1018, 1940. 

13. Meyer, A. Spontaneous dislocation and de- 

struction of tendon of long head of biceps 
brachii. J. A. M. A., 17: 493-506, 1928. 

14. Meyer, A. W. Spontaneous dislocation of the ten- 

don of the long head of the biceps brachii. Arch. 
Surg., 13: 109-119, 1926. 

15. Platt, H, Obseryations on some tendon ruptures. 

Brit. M. J., i: 611-615, *931- 

16. Rankin, J. O. Rupture of the long head of the 

biceps brachii. J. Bone C' Joint Surg., 15: 1003- 
looC 1933. 

17. Rogers, S. P. Awlsion of tendon of attachment of 

biceps brachii. J. Bone &’ Joint Surg., 21: 197, 

1939- 

18. Sonnenschein, H. D. Rupture of the biceps ten- 

don. J. Bone C‘ Joint Surg., 14: 416, 1932. 

19. Stimson, H. Traumatic rupture of the biceps 

brachii. Am. J. Surg., 24: 472-476, 1935. 

20. Waugh, R. L. Rupture of biceps brachii. South. 

M. J., 31: 619-627, 1938. 
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REPORT OF TWO CASES 
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I N 1939, Roberts and Vogt^ first called 
the attention of the medical profession 
to an unusual type of lesion occurring 
in the upper third of the tibia and some- 
times found to be bilateral. Because the 
lesion resembled an incomplete fracture 
line with periosteal bone proliferation, 
the disease entity was called “pseudofrac- 
ture of the tibia.” Both of these authors 
realized that in spite of the appearance of a 
fracture-like line, trauma per se was not 
the cause of the lesion, but rather that 
some low grade inflammatory process, 
influenced by the vascular pattern of the 
nutrient vessels, and abetted by physio- 
logic trauma and strain, were more perti- 
nent factors in the development of this 
lesion. 

Weaver and Francisco,- in 1940, added 
three cases of their own to the twelve col- 
lected by Roberts and Vogt, making a 
total of fifteen cases reported. Their cases 
showed that the condition can occur in 
the older age group, thus widening the 
reported age incidence of from four to 
sixteen years to four to twenty-three years. 
It has also been demonstrated bv the later 
authors that this very same lesion can 
occur in other bones. Specifically described 
were the upper and lower ends of the 
fibula of one individual. However, no 
matter which bones are involved the sites 
are comparable, being located at the junc- 
tion of the infundibulum of the metaph- 
ysis and the diaphyseal shaft. 

An allied condition is the “march 
fracture” which occurs in the shaft of the 
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second or third metatarsal and is inti- 
mately associated with weak, relaxed feet 
and constant low grade trauma. Ollon- 
qvist,® of Finland, reports a series of cases 
resembling pseudofracture of the tibia 
occurring in young arm}* recruits. Weaver’s 
cases would fall into this age group. In 
1938, Looser'* described a pathological 
condition of bone in which a rarefaction 
zone developed in or near the metaphj^sis 
followed by bone hyperplasia. From his 
description the term, “umbauzone,” or 
“Looser’s rarefaction zones,” was coined. 
Two cases not presented in this article 
have been obsers-ed by the authors in 
which pseudofractures have developed in 
the upper tibia, of osteomj-elitic bone fol- 
lowing radical surgery of that bone. In 
both cases the absence of a normal marrow 
cavity and the poor bleeding quality of 
the bone evidenced the fact that the circu- 
lation was impaired. 

The pathological report of four known 
biopsies showed varying degrees of a low 
grade inflammatory process consisting of 
perivascular mononuclear cell infiltration, 
fibrillar connective tissue displacement of 
the marrow and comparative!}’’ normal 
bone trabeculations. 

The clinical importance of this disease 
entity is that the condition is often con- 
fused with a traumatic fracture, Ewing’s 
sarcoma or osteomyelitis. The original 
authors dwelt at length on the differential 
diagnosis of traumatic fracture from pseu- 
dofracture because traumatic fracture was 
then the usual roentgenological report. 
7 
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The pathological examination, however, aggravated by use and relieved by rest, 
invariably reported that the biopsj' was which fact differentiates the condition 
of low grade inflammatory tissue. In the from bone tumor, in which the pain may 



A B 

Fig. I . A, showing area of lessened density and deposition of subperiosteal bone. 
B, localized sclerosis and subperiosteal deposits of bone producing the “peak 
phenomenon” on the medial and posterior surfaces. 



A B 

Fig. 2. A, development of pseudofracturc line, b, the pseudofracture extends 
from the bone periphery through the callus. 


two cases presented the diagnosis was that 
of Ewing’s sarcoma in the first, and osteo- 
myelitis in the second, until further studies 
proved the cases to be pseudofractures. 
Irradiation therap^’^ was being considered 
on one hand, and the Orr method of 
saucerlzatlon and open packing was con- 
sidered as treatment for the other and 
would no doubt have been carried through 
just a few years ago. 

In reviewing the clinical features we 
find that a history of slight Injury to the 
area may or may not be present. At the 
onset there is usually' a low grade fever 
accompanied by pain in the tibia about 
three inches below the tibial tubercle. The 
fever soon subsides and the patient is 
generally not so acutely ill as in osteo- 
myelitis, or not ill at all. The pain is 


be present at any time and even while at 
rest. The local examination shows that 
the pain area is precisely demarcated to a 
spot about three inches below the tibial 
tubercle. A small amount of localized 
edema and periosteal thickening can be 
made out, but usually the signs of abscess 
formation are lacking. Laborator}'^ tests 
are not specific enough in their results to 
aid in the diagnosis. The diagnosis and 
differential are made mainly upon roent- 
genological studies. (Figs, i, 2, and 3.) 

A-ray report 

The roentgenological studies show in the 
earliest cases a circumscribed area of 
lessened density at the junction of the 
upper and middle thirds of the tibia, cen- 
tral in location in reference to the diameter 
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of the shaft, and at a point three and one- which is the most characteristic feature of 
half inches below the knee joint line. There this condition, is a late progressive phe- 
is no soft tissue swelling and there is no nomenon, and it extends through the new 



Fig. 3. .V, dis.ippcarance of pseudofracture line and smoothening out of the 
callus, n, the pseudofracture is disappearing and the sclerosis is being 
dissipated. 


generalized osteoporosis. The rarefied area 
soon changes to one of localized sclerosis. 
The sclerosis is characteristic in that it is 
distributed transversely across the diam- 
eter of the shaft. It is about three-fourths 
of an inch wide, shows several short criss- 
crossed lines of rarefaction and the pres- 
ence of new subperiosteal bone. The new 
bone is most prominent at the posterior 
aspect of the tibia, at which point it 
produces a definite “peak.” There is only 
a very slight amount of new subperiosteal 
bone on the anterior surface. The medial 
surface also shows the increased periosteal 
bone with the “peak phenomenon” and 
a rather smooth deposition of bone on 
the lateral interosseous surface. As the 
condition heals, the subperiosteal deposits 
of new bone become distributed in a more 
uniform and fusiform manner, replacing 
the “peak phenomenon” seen earlier in 
the disease. The fact that most of the new 
bone is laid down on the posterior and 
medial surfaces would indicate that bone 
proliferation in this condition follows the 
line of greatest stress and strain to which 
the tibia is subjected. Subsequent pictures 
show that the area of sclerosis becomes 
narrowed down and a transverse, fracture- 
like line begins to make its appearance, 
developing at the periphery and approach- 
ing the center. This fracture-like line. 


subperiosteal bone as seen in different .v-ray 
views. The line differs from a true trau- 
matic fracture in that it develops as a 
progressive phenomenon, and it extends 
through the new bone deposits in contra- 
distinction to a true fracture line, which 
stops at the callus. 

Ewing’s sarcoma in the earliest stages 
may give a similar picture because of the 
identical location and the laminated onion- 
peel deposits of subperiosteal bone. How- 
ever, Codman’s triangle as usually seen 
in malignant tumors is not characteristic 
in such conditions as pseudofracture of 
the tibia. The subperiosteal “peak phe- 
nomenon” and the presence of the pseudo- 
fracture line should clearly differentiate 
the two conditions. 

CASE REPORTS 

C.\SE I. D. C., male, aged twelve j’ears, 
developed sudden pain in the right upper leg. 
The pain was of a continuous character at the 
onset and moderate fever was present for one 
week. There was no history of injury, chills, sore 
throat or furunculosis. Weight loss or pains in 
other bones were not present. The pain became 
dull and low grade in character and was later 
present only on weight bearing and activity. 
Three months after onset the patient was 
admitted to the hospital, where an examination 
showed a well nourished boy not acutely ill. 
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The ph5"sical examination was negative except 
for the right leg. 

The right leg showed a very slight palpable 
swelling on the inner aspect of the right tibia 
just three inches below the tibial tubercle. 
There was no local heat nor redness, no con- 
tracture of the ham-strings, no swelling nor 
edema of the lower leg, and the veins were not 
prominent. The painful zone was sharplj*^ cir- 
cumscribed and pain was elicited on percussion 
and light pressure. 

The laboratorj’^ work showed a normal blood 
sedimentation rate, a normal white and red 
count and normal differential. The urine and 
Wassermann tests were negative. The blood 
culture and agglutination tests for undulant 
fever and the typhoid. group were negative. 

The patient was immobilized in a plaster 
cast with immediate relief and made an un- 
eventful recover^'. Duration of the convales- 
cence was six months. 

Case ii. E. P. The patient was an active, 
healthy girl of thirteen years who fell on the ice 
in February', sustaining only a slight abrasion of 
the shin. The patient continued her activit3' 
without an}’ complaints until one month later, 
when she started to limp and complain of pain 
in the upper leg below the knee. There was no 
acute febrile attack at anj' time. The ache was 
recurrent on actlvitj' but ne^'er severe enough 
to confine her to bed. About four months after 
the original injur}’' a “bump” the size of a 
quarter was noticed o^'er the shin about tliree 
and one-half inches below the knee joint. The 
swelling and tenderness were fairly well cir- 
cumscribed, but there was no redness or fluc- 
tuation. The patient was seen by several 
consultants who at first advanced the diagnosis 
of either Ewing’s sarcoma or muscle stress 
fracture, until time brought out the true 


diagnosis. The ache and limp subsided with 
prolonged rest over a period of a six months 
convalescence. The “bump” on the shin still 
remains, but the -V-ray picture shows complete 
healing with the disappearance of the fracture- 
like line. 

SUMMARY AND CONCLUSION 

The importance of this t:ondition lies 
in the differential diagnosis rather than 
in the morbidity of the disease itself. 
Needless to sa}’, traumatic fracture (be- 
cause of its medicolegal aspect), Ewing’s 
sarcoma and osteomyelitis are the main 
confusing entities that must be completely 
ruled out. All cases reported recovered 
with or without treatment. The treatment 
resolves itself into conserx^atism and rest 
of the part; and because one case has been 
reported by Roberts and Vogt in which a 
pathological fracture occurred during ex- 
cessive use, a splint or a plaster cast for 
eight to twelve weeks and bed rest during 
the acute phase are recommended. The 
convalescent period for both cases was six 
months. A recurrence of pain was noted in 
Case I, following too early return to 
activity. Resumption of cast immobiliza- 
tion produced a clinical cure in six months. 
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RECURRING PYOGENIC OSTEOMYELITIS 


REPORT OF A CASE WITH A FORTY^SEVEN YEAR QUIESCENT PERIOD BETWEEN 

ATTACKS 

Bernard N. E. Cohn, m.d. 

DENVER, COLORADO 


I T is generally unclerslood tliat pyogenic 
osteomyelitis, alter it has reached the 
chronic staeie, mav drain cither con- 
tinuously or intermittently for many years 
with relatively short periods of quiescence 
between exacerbations. That this disease 
might run through the acute to the chronic 
phases within a period of months and then 
lie dormant for years only to become active 
again is not well appreciated. The follow- 
ing case is of interest because it points out 
the potential danger of active recur- 
rence of pyogenic osteomyelitis many 
decades after the subsidence of all clinical 
symptoms. 

CASE REPORT 

The patient is a wliite male, age lifty-six, a 
native of Latvia, Russia. At the age of nine 
years both feet and legs wore frost l)itten while 
sleigh riding. Both legs ijecamc infected, and 
about three months after the onset he was sent 
to a clinic wliere the legs were operated upon. 
The patient claims that “the bones (tibiae) 
were scraped.” The wounds drained for ap- 
proximately live or six months following oper- 
ation and then healed. 

He had no further trouble until the age of 
thirty when, while ice-skating, he fell and 
bruised the right tibia. The leg began to ache 
and swell, necessitating the application of 
moist hot packs. Three weeks after the injury 
drainage occurred spontaneously and lasted for 
two or three weeks. Since the age of thirty" the 
right leg has ached occasionally unassociated 
with trauma. There have been times since the 
age of fifty when the soreness has been more 
pronounced. At such times poultices were used 
to localize the inflammation, evoking spon- 
taneous evacuation of the pus which drained 
for a day or two. 

The left leg was entirely symptom-free until 
December 2, 1939, forty-seven years after 


healing of the original focus in the tibia. On 
this date, the left tibia sustained a sharp blow by 
a heavy ruler. Although the patient experienced 
immediate pain at the point of impact, he 
continued to work, the pain subsiding within an 
hour. Swelling and ccchymosis were noted at 
the site of trauma the same evening. On 
December 3, the leg began to ache. The pain 
increased gradually in intensit}' until sleep was 
interfered with. Moist hot packs afforded 
temporary relief. 

Although he had lost thirty pounds due to 
lack of sleep since the onset of the present 
illness, his general health was good. The past 
history was essentially negative; he stated that, 
other than the trouble with his legs, he “never 
had a sick day in his life.” 

Physical examination on January 3, 1940, 
revealed the circumference of the left leg just 
above the malleoli to be i cm. more than the 
right. Three sears over the anteromesial aspect 
of the distal third of the left leg were noted. 
Increased local clcwation of temperature was 
evident. This region was very tender, but no 
areas of fluctuation were palpable. The ankle 
motion was free. There were numerous large 
varicose veins of the entire leg. Left inguinal 
adenopathy was present. 

There were several scars along the antcro- 
mesial aspect of the right leg at the middle and 
lower thirds. Palpation did not reveal any 
tender areas or increased local heat. Large vari- 
cose veins were noted. 

The laboratory data showed a sedimentation 
rate of 31 mm. the first hour. The red count was 
normal. The total leucocyte count was 14,550 
with 48 per cent adult and 4 per cent band 
polymorphonuclcars. The Kahn reaction was 
negative. 

Rocntgcnographic examination of both legs 
was made on December 22, 1939, and repeated 
on January 17, 1940. The anteroposterior view 
of the left tibia revealed a club-like thickening 
of the distal half, (Fig. i.) The cortex in this 
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region was thickened and very irregular. About S3'mptoms, during which time a slight fe%^er 
one and one-half inches from the distal articu- was recorded. Operative interference was then 
lation a well demarcated shadow representing advised, and the patient was hospitalized. 



Fig. I. Anteroposterior and lateral views of the 
left tibia showing the abscess cavity and the 
thickening of the distal half. 

an abscess cavit3' was seen. The bone sur- 
rounding the cavit3'^ appeared very dense. The 
abscess was even more plainl3r visible on the 
lateral view. (Fig. i.) The rarefied area 
measured one and one-half b3’ one and one- 
fourth inches. The cortex in this region seemed 
intact. The medullar3' canal was almost ob- 
literated in the distal half. The ankle joint was 
clear. 

The anteroposterior view of the right tibia 
revealed a similar club-iike appearance of the 
distal half. (Fig. 2.) The cortex in this region 
was likewise thickened and irregular. Although 
a suggestive mottling was seen, especiall3’' in 
the lateral view (Fig. 2.), there was no definite 
abscess cavit3'. The ankle joint was negative. 

A diagnosis of reactivation of an old, quies- 
cent, osteomyelitic focus of the left tibia was 
made. Conservative treatment was carried out 
at home for ten days without alleviation of the 
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Fig. 2. Anteroposterior and lateral views of the 
right tibia. Note the increase in width of the 
distal half with obliteration of the medullary 
canal. 

On Januar3' 18, 1940, under ether anesthesia 
the left tibia was exposed. A small hole was 
found in the cortex through which pus welled 
out as though it were under increased pressure. 
A culture was taken. A window was made in 
the cortex, revealing an abscess cavit3' approxi- 
mateh' two and one-half inches in length, the 
walls of which were ver3' thick and eburnated. 
The cavit3' itself was filled with light greenish- 
3'ellow, thick, gelatinous pus. The lateral wall 
of the cavit3' was eroded entirety through the 
tibia. The abscess was completety unroofed and 
packed with vaseline gauze. A plaster cast from 
midthigh to the toes was applied. 

A direct smear of the pus taken at operation 
showed two small clumps of Gram-positive 
cocci. The twent3"-four-hour culture revealed no 
growth. After fort3'-eight hours a pure culture 
of Staph3'lococcus albus was obtained. Re- 
peated cultures verified this result. 
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COMMENT 

The findings in this case indicate that 
the osteomyelitic focus in the left tibia was 
a sequella of the original inflammation 
forty-seven years previous to the present 
attack. The marked eburnation of the 
abscess wall, the gelatine-like quality of 
the pus, the sparcity of organisms on 
direct smear and their attenuation, requir- 
ing forty-eight hours for growth on appro- 
priate culture media, would seem to verify 
this opinion. 

Phemister^ believes that foci of osteo- 
myelitis may be silent not only in the 
development of the lesion but also to the 
stage of complete bony destruction before 
any local symptoms become manifest. If 
the lesion is a recurrence in a previous 
site of osteomyelitis, general symptoms of 
infection may be present even though the 
local lesion is silent. He explains the silence 
of the lesion as being due in part to the 
low grade of the inflammatory process 
which may be the result of attenuation of 
microorganisms or of an increase in body 
resistance in the course of prolonged infec- 
tion. The reported case shows that osteo- 
myelitic foci can and do remain silent 
over a period of a lifetime, awaiting only 
proper stimuli and conditions of the host 
to reawaken into clinical activity. 

Breck- recorded a case of chronic osteo- 


myelitis in which there was an interval of 
fifty years between operations. This patient 
had recurring mild attacks of pain and 
swellino; which lasted for several davs 

%j 

throughout the entire intervening period. 
There was no mention of drainage asso- 
ciated with the attacks. The author’s case 
dift'ers from Breck’s in that there were no 
symptoms referable to the left leg during 
the forty-seven years. 

Although the factor of trauma is problem- 
atical at best in certain cases of pyogenic 
osteomyelitis, there is little doubt that the 
realighting of the disease in this instance 
was directly attributable to the blow struck 
by the ruler. The cause and effect appear 
to be intimately related. 

SUMMARY 

A case of pyogenic osteomyelitis of the 
left tibia, erupting after a forty-seven-year 
interval of quiescence, is presented. It 
illustrates that this disease ma}'- be an 
ever-present sword of Damocles to a 
patient, and that an apparently well 
healed lesion may become active under 
proper conditions. 
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ADENOMA OF LANGERHANS’ ISLET OF THE PANCREAS* 


Perry G. Vayo, m.d. and George T. Bodon, m.d. 

ROCHESTER, NEW YORK 


REPORT OF CASE 

M H. H., age sixtj-, had liad periods of 
mental confusion, difllculty in walk- 
• ing and loss of stature. The patient 
had been under treatment in another city for 
chronic arthritis. Vaccines and diathermy had 
been administered during the last three years, 
in spite of which walking had become more and 
more difficult. The patient’s family had noticed 
that she was not as tall as she used to be. 

In September 1939, while talking with a 
friend on the telephone, she became incoherent, 
her voice weakened and ceased altogether. Two 
hours later, her son found her with the tele- 
phone receiver in her hand and in a stuporous 
condition. A cup of hot tea was given, after 
which she recovered quickly. She remembered 
a sense of weakness coming over her while she 
was phoning. A month later a similar attack 
occurred during which she laughed and cried 
alternately, perspired freeh' and made uncoor- 
dinated movements of the arms and legs. 
Hot tea was again given and she recovered 
promptly. Recurrences appeared about every 
two weeks and lasted one or two hours, e.xcept 
when hot drinks terminated them abruptly. 
The patient thought she could anticipate an 
episode by a burning sensation in the tip of the 
tongue on several occasions. Vertigo had be- 
come frequent since the first attack, but no 
visual disturbance or headache were noted. 

She was admitted to the hospital for diag- 
nosis. Her head was of normal size and shape; 
the nose, throat and ear examinations were 
negative. The thyroid showed no enlargement 
or adenoma. Heart and lungs were normal. Her 
abdomen was obese with low midline scar 
(previous tubal pregnane j’^). The Liver and 
spleen were not palpated. No masses, tender- 
ness or muscle spasm could be made out. 
Vaginal and rectal examinations were negative. 
A marked lordosis of the lumbar spine was 
present, as well as marked bowing of the 
femurs, which caused the patient to cross her 
legs scissor-fashion while Rung in bed. Reflexes 
were normal except for the pupils which 


reacted sluggishly to light. Visual fields were 
normal, eye grounds normal. 

A'^-ray examination of the skull showed nor- 
ma! sella and changes of osteitis deformans. 
Pelvis and femurs showed osteitis. Laborator3' 
findings were as follows; Blood-hemoglobin 90 
percent, red blood count 4,540,000, color-index 
.9, leucoc\-tes 9,200. Differential: segmented 51, 
rod. nuclei 4, lymphocytes 45. Wassermann; 
plain antigen negative, cholesterinized 2 plus, 
Kahn 1 plus. Spinal fluid: negative including 
Wassermann and Kahn. Chemistry-: non- 
protein nitrogen 30, calcium 10.7, phosphorus, 
7.8, fasting blood sugar 66; glucose tolerance 
(after ingesting 100 Gm.) fasting 31 mg. one- 
half hour 176, I hour 152, 2 hours in, 3 hours 
107, 4 hours 50. Blood sugar response to 
adrenalin (1:1000) i cc., fasting 60 mg. i hour 
after 72 mg. Blood sugar response to insulin 
10 units; fasting 54, i hour 58, 2 hours 54. 

Episodes of nois3- confusion and disorienta- 
tion accompanied at times bj^ muscle twitch- 
ing occurred several times daihx Between 5 
and 7 A.M. one would appear daih', and fre- 
quenth' before lunch and dinner as well. They 
were quickh' relieved bj* sugar or orange juice, 
and were followed b^- retrograde amnesia. 
Withholding food would bring one on in three 
or four hours. An aura of a burning sensation in 
the tip of the tongue sometimes preceded the 
attack b\' an hour or more. On a high carbo- 
hj'drate diet with three-hour feedings, the 
attacks did not recur, so the patient was al- 
lowed to return home for a trial period of six 
weeks. 

Diagnosis: H3’^perinsulinism and osteitis 
deformans. 

Second Admission. On the fifteenth da3' 
after discharge, the patient fell and fractured 
her left femur. For the first ten da3-s after 
leaving the hospital no hypogR-cemic attacks 
occurred, but the3'^ then began to reappear and 
became more and more frequent. It was 
necessar3" to take some food ever3' three hours 
during the night as well as day. The examina- 
tion was unchanged except for a transverse 
fracture of the left femur. 


From St. Mary’s Hospital, Rochester, New York. 
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In the hospital on a high carbohydrate diet 
with three-hour feedings, no hypoglycemic 
episodes appeared from date of admission to 
April 23, 1940 when an open reduction of the 
femur was done. Her postoperative chart was 
uneventful except for symptoms of weakness 
and diaphoresis. However, during the third 
week and in spite of the frequent feedings of 
carbohydrate, symptoms of hypoglycemia re- 
curred more frequently. At least three or four 
appeared each day but were relieved by sugar. 

Laboratory findings were repeated and un- 
changed. Glucose tolerance showed fasting 33, 
one-half hour 140, i hour 129, 2 hours 117, 

3 hours III, 4 hours 50 mg. A diagnosis of 
hyperinsulinism probably due to islet tumoi 
was made, and it was decided to explore the 
pancreas. 

Through a wide transverse incision about 
z} 2 inches above the umbilicus, the abdomen 
was opened. The liver, spleen, stomach and 
intestines appeared normal and the lesser sac 
was entered through the greater omentum. 
The stomach was turned up and the pancreas 
exposed. A tumor the size and color of a small 
plum was found on the superior surface of the 
gland at the junction of the body and tail. 
It was soft, friable and encapsulated, lying in 
a bed of normal appearing pancreas with 
several blood vessels running into it. It was 
enucleated easily and the blood vessels ligated 
with fine chromic catgut. The remainder of 
the gland appeared normal. A small tissue 
drain was placed in the bed, and the omentum 
closed around it. The abdomen was closed with 
zero chromic catgut in all layers. 

Pathological report was encapsulated tumor 

4 by 4>o by 2 cm. The tumor is of soft con- 
sistency. The cut surface is homogenous and of 
grayish pink color. (Fig. i.) 

Histologically a fairly uniform character 
could be observed. The tumor is composed of 
round or cubical cells with a faintly acidophilic 
cj-toplasm and a round nucleus showing a fine 
chromatin structure and a small nucleolus. 
These cells form small trabeculae or solid nests. 
(Fig. 2.) Smaller or larger areas of these cell 
complexes are separated by a fine meshwork 
of connective tissue stroma dividing them into 
island-like areas. These areas arc very similar 
to Langerhans’ islets, except that they are 
somewhat larger. The similarity is even more 
pronounced in some places where the connec- 
tive tissue stroma is augmented. Here the 


appearance is defmltel5’- that of accumulated 
Langerhans’ islets. (Fig. 3.) The tumor is 
characterized throughout b3’- its wealth of 
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Fig. 1. Gross appear.incc of the 
adenoma. 

capillaries, which are not onlj' present in the 
stroma but appear between the parenchjmia 
cell trabeculae. 

Diagnosis: Langerhans’ island adenoma of 
the pancreas. 

No further sj’inptoms of hj-pogB^emia ap- 
peared after operation. A glucose tolerance test 
done a few daj-s after showed a inildB’- diabetic 
curve, and on one occasion there was a sugar 
spill-over in the urine after intravenous glucose 
was given. The patient ran a low grade tem- 
perature and after a few daj'S began to com- 
plain of left upper quadrant pain which was 
aggravated bj' eating or drinking. There was a 
moderate amount of serous drainage, and 
several areas of induration appeared in the 
subcutaneous fat ofthe abdominal wall. The leu- 
cocj'te count increased to 17,000, and the 
temperature rose graduall}". The left upper 
quadrant pain became referred to the shoulder 
and back. A'-raj’ of the diaphragm was nega- 
tive. About three weeks after the operation, 
it was decided to reopen the left half of the 
incision because of the localization of pain and 
tenderness in that area. 

At re-operation the sinus from the tissue 
drain was followed donai to a pocket of necrotic 
fat and pus in the omentum. The pancreas 
could be felt beneath the omentum, as a hard 
fixed organ. Blood^’^ serum appeared from the 
left subdiaphragmatlc space and lateral gutter. 
Tissue drains were inserted in the subdia- 
phragmatic space and in the abscess of the 
omentum. The wound was closed with through- 
and-through silk sutures. 

Ten units of protomine zinc insulin dail}”- 
were given for a few daj'^s and the temperature 
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returned to normal. The pain and tenderness 
gradually disappeared and the patient made an 
uneventful recovery*. 


because they were relieved after ingestion 
of sugar in some form and they never reap- 
peared after the adenoma was removed. 



Fig. 2. Section showing ceils .irr.nnged in isiand-likc formation. X 277. 

Fig. 3. Section showing are.a simulating accumulated Langerhans’ islets. X 277. 


DISCUSSION 

The case presented did not cause difficul- 
ties in diagnosis after the clinical symp- 
toms were correlated with the laboratory 
findings. Hypoglycemic conditions caused 
by disease of other organs than the 
pancreatic islands (hypothyroidism, h^'^po- 
pituitarism, hj^joadrenalism and liver dis- 
ease) could be eliminated by lack of signs 
and symptoms pointing to these organs. 
The differentiation from functional hypo- 
gtycemia was done on the basis of: (i) The 
severity and constancy of the symptoms; 
(2) the abnormally low fasting blood sugar 
level and the behavior of the glucose toler- 
ance test, and (3) no permanent results 
were obtained by dietary" measures (high 
carboh3fdrate diet, frequent feedings). 

There were tsvo interesting features 
worth mentioning. One was that the hypo- 
glj'cemia manifested itself mostly’^ in mental 
confusion, the other was the behavior of the 
glucose tolerance test. 

The sj^mptoms consisted mosti}'- of irra- 
tionalitj-, laughing and swearing without 
reason and retrograde amnesia accom- 
panied bj' sweating and trembling of the 
extremities. That these symptoms were 
reallj’^ due to hypogtycemia was proved 


The glucose tolerance with a subnormal 
initial value and with a peak not reaching 
above normal, then dropping down to sub- 
normal again, is too much stressed in 
textbooks discussing this disease. The 
tolerance test which presented itself in our 
case showed a subnormal initial value but 
the peak reached high above the normal 
levels, stayed there for one hour and then 
dropped again to subnormal values. The 
type which the glucose tolerance will 
present depends on the individual under- 
hung pathological conditions. The impor- 
tant feature will be the subnormal initial 
value and the drop to subnormal again 
within four hours. 

SUMMARY 

A case report of an adenoma of Langer- 
hans’ islet of the pancreas is presented. The 
symptoms were marked by episodes of 
mental confusion and irrationalit}' followed 
by^ retrograde amnesia. 

The glucose tolerance curves were charac- 
terized by low initial values with a peak 
high above normal levels remaining for an 
hour and dropping again to subnormal 
values. 

The postoperative course was compli- 
cated by pancreatitis and a slow recovery. 


DIAGNOSTIC POINTS IN INTRA^ABDOMINAL PREGNANCY 

REPORT OF A CASE 

Morris Weintrob, isi.d. and David I. Weintrob, m.d. 

BROOKLYN, NEW YORK 


I NT R A- ABDOMINAL pregnancy, ex- 
clusive of tubal pregnancy, though 
uncommon, is not a rarity. The purpose 
of this article is to point out the salient 
points in order to assist others, especially 
the general practitioner, to keep in mind the 
possibility of intra-abdominal pregnancy. 

Two cases of combined intra-abdominal 
and intra-uterine pregnancy are referred to 
in the report by Hellmann and Simon. ^ An 
occasional case of intra-abdominal preg- 
nancy* despite a previous hysterectomy has 
been reported. Likewise, intra-abdominal 
pregnancy may follow as the result of 
rupture of the uterine scar after a previous 
classical cesarean section. Abdominal preg- 
nancy usually is secondary to tubal preg- 
nancy following either tubal abortion or 
rupture. 

The reported instances of intra-abdomi- 
nal pregnancy show a marked variation. 
Swanson states that it occurred in one out 
of 2,300 births in the series which he 
reviewed, Kiefer one in 4,400 cases, whereas 
Harnes, reviewing the files of the New York 
Lying-In Hospital, found one in 15,600. 
The mortality has been high in the 
Lying-In Hospital group, as much as 40 per 
cent. Beck, after reviewing the literature 
from 1809 to 1919, arrived at a figure of 
35.6 per cent mortality in 257 cases. 
Heilman and Simon in a study of 316 
collected cases, stated that the fetus in 1 58 
patients lived eight days or more. The 
mother and child lived in only eighty of 
these cases. Of the total 316 mothers, 10 1 
died, the outcome of three being unknown. 

SYMPTOMATOLOGY 

Since most intra-abdominal pregnancies 
are secondary to previous ectopic preg- 


nancy, the early symptoms would be those 
of tubal pregnancy. They may, however, be 
so mild that the patient may not consider 
it necessary to consult her physician, or if 
the latter be called in, the patient not feel- 
ing acutely ill, might not accede to his 
advice to undergo an immediate laparot- 
omy. From then on, the patient might go 
on to term without any exceptional symp- 
toms and the unusual type of pregnane}^ be 
unsuspected until normal labor fails to set 
in. More commonly, however, because of 
the close proximit}* of the fetus to the 
abdominal wall and to various abdominal 
viscerae, movements of the fetus cause 
intense pain and the abdominal wall is 
unusually tender. At times so sensitive is 
the abdominal wall that the pressure of 
clothing is unbearable. This was borne out 
in the case being reported, pain on walking 
being so marked at times, that relief was 
obtained only by lying motionless in bed. 
Fetal parts are felt with unusual ease. 
Nausea and vomiting frequently are pres- 
ent throughout the latter months. Coupled 
with excessive nausea and vomiting and the 
extraordinary and troublesome generalized 
abdominal, gaseous distention, also a com- 
mon finding, marked localized tenderness 
and a sense of rigidity in the right upper 
quadrant may lead one to believe that the 
gallbladder is pathologically involved. Such 
was the case in the patient whose history is 
later reported, the localized tenderness, 
mass and sense of rigidity in this instance 
being due to the head of the fetus which 
was in close contact with the right upper 
quadrant of the abdominal wall. The 
excessive pain resulting from fetal move- 
ments may be brought about by the 
stretching of adhesions that have formed 
between the fetal sac and the abdominal 
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viscerae. It was surprising that no mention 
in the literature was made of intestinal 
obstruction caused by such adhesions. 


I 

i 



Fig. I. Plain plate of the abdomen revealing 
fetus completely to the right of the spine of the 
mother 


An interesting finding is the passage of 
blood per rectum. In the case reported 
herein, the patient had suffered from a 
fissure-in-ano, which had received treat- 
ment sometime previous to her becoming 
pregnant. There was very little bleeding 
from this fissure during her pregnane}^. 
There are times, however,, when bleeding 
per rectum in a case of intra-abdominal 
pregnancy may be quite marked and no 
pathological condition in the rectum 
per se be found to explain bleeding. 
Bleeding may follow erosion of the intes- 
tinal wall by chorionic villi or as the result 
of a perforation of the bowel by loose bony 
fragments following maceration of the 
fetus. Although the placenta in the case 
under discussion was implanted upon the 
sigmoid colon, no erosion due to the 
chorionic villi took place. 

Constipation and diarrhea may be pres- 
ent but are of no differential assistance in 
diagnosing an intra-abdominal pregnancy. 


When pregnancy persists beyond the ex- 
pected date of confinement, the possibility 
of intra-abdominal pregnancy should be 



Fig. 2. Lipiodol injection demonstrates a small 
uterus and clearly demonstrates intra-abdomi- 
nal position of the fetus 

considered if its presence has hitherto been 
unsuspected. A valuable clinical point in 
diagnosis was stressed by Nathan Adler® 
who pointed out that percussion of the 
abdomen in a normal intra-uterine preg- 
nancy usually reveals tympany in the 
flanks and dullness over the middle area. In 
intra-abdominal pregnancy’- the fetus is 
usually^ almost wholly'^ to one side of the 
spinal column and interestingly’ enough, 
occupies the right half of the abdominal 
cavity’ in most instances. Dullness, there- 
fore, is elicited over that half of the abdo- 
men in which the fetus is situated, with 
marked tympany being present over the 
middle and the other half of the abdominal 
cavity as a result of the intestines being 
crowded by the fetus toward these areas. 

The fetus may live to term, although this 
is not usual. As in our case, the fetus may 
e.xpire, no fetal heart be heard, but the 
mother continue to feel movements. An 
explanation of this phenomenon perhaps 
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may be as follows: Due to the adhesions of 
the fetal sac to the intestines, peristalsis of 
the latter may give rise to “pulling” pain. 
The pregnant woman is conditioned psychi- 
cally to expect pain with fetal movements 
in the latter months of pregnancy and conse- 
quently interprets the “pulling” pain as 
the result of fetal movements. Despite the 
physician’s inability to hear the fetal heart, 
the patient will insist that she feels fetal 
movements. 

When confronted with an intra-uterinc 
pregnancy, wherein a fetal heart has been 
heard consistently and then is no longer 
heard, the statements of the patient that 
she feels vigorous movements lends a false 
sense of security to her physician. He 
reasons that the baby is still alive and 
presumes that the fetus probably has as- 
sumed a posterior position. W’hen fetal 
parts, however, are palpable as easily as 
they are in intra-abdominal pregnancy, 
failure to hear the fetal heart despite the 
patient’s assurance that she feels move- 
ments should lead one to suspect the 
presence of intra-abdominal pregnancy. 

False labor usually occurs whether the 
fetus dies in the latter months or lives to 
full term. Even before the onset of such 
false labor, two valuable procedures, in 
addition to the physical findings of tym- 
pany in percussion over the middle of the 
abdomen, assist in establishing a diagnosis 
of intra-abdominal pregnancy. A’-ray ex- 
amination will reveal the presence of a 
fetus lying almost entirely to one side of the 
spine, usually to the right. Upon pelvic 
examination it may be possible to outline 
the uterus as a mass practically normal or 
somewhat larger than normal and distinct 
from the larger abdominal mass which is 
the fetus. If necessarv and without an}' fear 
of unpleasant complications, an intra- 
uterine sound may be introduced. This may 
be done without a general anesthetic. The 
Introduction of lipiodol through such a 
sound in the uterus, followed by .v-ray 
exposure will demonstrate conclusively as 
in the accompanying Illustrations, the 
presence of a nonpregnant uterus with the 


sound usually pointing in a direction away 
from the fetus. 

AFTER DIAGNOSIS IS ESTABLISHED 

Once the diagnosis of intra-abdominal 
pregnancy has been established, there 
seems to be no uniformity of opinion on the 
subject of Immediate operation. Some have 
advised immediate operation; others have 
suggested waiting until the fetus is viable; 
still others urge waiting for the death of the 
fetus so that placental separation may 
begin. 

Although there is a likelihood of minor or 
major deformity due to mechanical causes 
resulting from pressure by abdominal 
vlscerae, normal infants have been de- 
livered more frequently than some authors 
seem to believe.' It would seem advisable, 
therefore, to disregard the suggestion of 
those who urge operation as soon as the 
diagnosis of intra-abdominal pregnancy 
has been established and to wait preferably 
until the viability of the child has been 
reasonably assured. 

The advice to await the death of the 
fetus so that separation of the placenta will 
have begun is unwise and would lead to 
unnecessary loss of infants. Such delay 
infers waiting until maceration has taken 
place. This adds to the danger of sepsis 
inasmuch as loose fragments of bone may 
perforate the intestines. Indeed, Halliban, 
quoted by Swanson,' reported a case in 
which bony parts were expelled per rectum 
some thirty years after a nondiagnosed 
intra-abdominal pregnancy. In that case it 
is quite probable that the fetus failed to 
attain a size large enough to lead to clinical 
suspicions of the correct diagnosis. 

OPERATIVE TECHNIC 

If the fetal sac is not ruptured, it should 
be opened in an avascular area. The patient 
should be first typed and cross-matched for 
immediate blood transfusion should it 
become advisable. After the fetus has been 
removed, no effort should be made to 
separate the fetal sac from any of the loops 
of intestine or other abdominal viscerae to 
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which it may be attached, unless this can 
be done with ease and without damage to 
the abdominal organs. If the placenta is 
implanted on pelvic structures, except the 
pelvic vessels, removal may be possible, 
especially if a pedicle is present. Inter- 
rupted sutures, tied not too tightl}'^, should 
be utilized in ligating the placental pedicles 
attached either to the ovary or tube. 

It has been suggested by Cornell and 
Lash® that it is safer to marsupialize and 
pack in such instances of intra-abdominal 
pregnancy in which the placenta is at- 
tached to an abdominal viscus, as for 
instance, the intestines, the mesentery or 
liver. This, however, is unnecessary. Beck’s 
experimental work with dogs® and the 
teaching of Falk® as well as the author’s 
personal experience in the case herein 
reported, defmitelj’’ point to the advisabil- 
ity of tying and cutting the cord close to 
the placenta, leaving the latter in situ and 
closing the abdomen without drainage. 
Although quite a long time muy elapse 
before complete absorption of the placenta 
takes place, this ultimately does occur. In 
the case herein reported, the fetal sac was 
adherent in several areas to loops of bowel 
and contained in its wall good-sized veins. 
No effort was made to free the sac except 
where adhesions could be separated with- 
out any possible damage to the bowel. A 
secondary abscess later developed, neces- 
sitating an incision and drainage of the 
wound, resulting most likely from the 
macerated sac which had been left in situ. 
Abdominal exploration fifteen months later 
for the relief of pain due to adhesions failed 
to reveal any suggestion of either fetal sac 
or placenta. The uterus, left adnexae and 
sigmoid colon, the site of the placental 
attachment, were found to be completely 
normal. 

CASE REPORT 

Mrs. R. C., age twent\'-five, gave a history 
whicli was irrelevant and essentially negative, 
except for regular menstruation lasting eight 
days with clots about the size of a quarter. 

The patient was seen first on September 17, 


1936. Menses were due on August 18, 1936 and 
appeared September 3, 1936. Clots were passed 
the first two daj^s; staining persisted until the 
day of examination. Nausea and vomiting were 
present. Pelvic ex'amination was negative on 
September 22, 1936; staining was present for a 
period of nineteen daj^s. Her breasts were 
slightly tender. An Aschheim-Zondek test 
was advised because of the inability to feel any^ 
possible tubal pregnanej^ and the presence of 
prominent Montgomer}'^ follicles and slightly 
tender breasts. The report was positive. 

When seen next on October 3, 1936, staining 
had stopped. A mass, interpreted as a uterus 
enlarged to the size of a five to six weeks’ preg- 
nanejq was palpable. A diagnosis of a normal 
intra-uterine pregnanej’^ was made and an 
estimated date of confinement was set at about 
April 24, 1937. During the nexT three months, 
vomiting became troublesome but responded 
satisfactorify to the administration of luetin 
injections. MTat was interpreted as the intra- 
uterine pregnancy increased in size at appar- 
ently a normal rate. Blood pressure and 
urinafysis remained normal throughout. On 
December 29, 1936 the patient stated she felt 
life. On January 18, 1937 the abdominal mass 
measured 20 cm. and although patient stated 
she felt life, a fetal heart was not heard. Pelvic 
examination elicited small parts below, which 
seemed to move during the examination. The 
patient stated she was not certain whether she 
felt fetal movement. AT-ray examination was 
advised. 

AT-ray examination doneJanuarj" 19, 1937 b}' 
Dr. Louis Nathanson was reported as follows: 
“There is evidence of a single pregnanej^ en- 
tirely within the peh-is. The uterus rises to the 
level of the upper portion of the sacrum. The 
head is situated to the right of the midline and 
overlies the sacroiliac region. Small parts are in 
the true pelvis. Due to marked overlapping of 
the parts, one cannot definitely outline spine 
nor can one differentiate many of the small 
parts. However, when studied in the lateral 
view, the outline of the skull is well visualized 
and much of the facial structures can be 
demonstrated. The head and facial structures 
from this view do not appear to be normal. I 
do not believe from the roentgenogram, that 
we are justified in concluding that the fetus is 
abnormal.” 

Five days later, on January 2O, 1937, a fetal 
heart was heard distinctly in the right lower 
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quadrant, rate 144.. On February 8 and 
February 9, 1937, the fetal heart ^vas not heard, 
but mo^•ements were felt by the patient. On 
March 8, 1937, a fetal heart was again heard 
in right lower quadrant and was heard again 
on March 22, 1937, April 5, 1937 and April 12, 
1937. On April 13, 1937, contraction pains 
appeared. Rectal examination revealed an 
apparent one-fmger dilatation and diagnosis 
of breech with buttocks presentation was made. 
A'-ray examination by Dr. Louis Nathanson 
was reported as follows: “Evidence of a single 
pregnancy breech presentation with almost 
the entire fetus on the right side. Head is in 
the right upper quadrant. The skeletal struc- 
tures of the fetus are well developed.” 

The patient was admitted to the Madison 
Park Hospital, but discharged the following 
day with diagnosis of false labor. Considerable 
pain over the next two days was felt in the 
right upper quadrant of the abdomen with 
marked tenderness present. In the light of 
subsequent findings, the normal temperature 
and the lack of vomiting, what was thought to 
be a possible cholecystitis was probably the 
disturbance in the right upper quadrant, 
brought about by the mo^•ement of the fetal 
parts. 

From April 15, 1937 to April 26, 1937, occa- 
sional vomiting was present. On April 26, 1937, 
the fetal heart seemed distant and on May 3, 
1937 it was impossible to state definitely that 
the fetal heart was heard. Movements were no 
longer definitely discernible to the patient and 
on May 10, 1937 the movements were prac- 
tically no longer felt and the fetal heart was 
not heard. On May 20, 1937, dark, bloody 
vaginal staining was present. No fetal heart 
was heard. The patient was not toxic and failed 
to respond to castor oil in an effort to induce 
delivery. A'-ray examination revealed o\er- 
lapping of the skull bones, a breecli. Pelvic 
examination gave the impression of tlic fetus 
being extra-uterine. 

On consultation by Dr. Adler, he corrobo- 
rated this impression. On May 23, 1937 lipiodol 
study and sounding of the uterus revealed a 
uterus about the size of three months with the 
intra-uterine sound turning to the left side. 
On May 24, 1937, Dr. Thurston Welton, called 
in consultation, likewise agreed with the diag- 
nosis of abdominal pregnancy and on that day, 
tlirough a suprapubic midline incision, an 
operation to remove the fetus was done. A 


macerated fetus about seven months in size 
was found in a sac occupying the right side of 
the abdomen. The sac was adherent to loops 
of the bowel. Friable adhesions were easily 
separated. The placenta was found attached 
to the sigmoid colon and enveloped the left 
tube. The left tube was easily freed. The uterus 
was enlarged to about a three months’ preg- 
nancy. The fetus was delivered as a breech. 
An effort to remove the placenta led to bleeding. 
It was then determined to leave the placenta 
in sifu, recalling that Beck’s work with dogs 
demonstrated conclusively that the body can 
well take care of the situation and complete 
absorption of the placental tissues occurs. 
Iodoform packing was placed against the 
bleeding placental site. On the fifth day, post- 
operatively, the packing was removed under 
4 cc. of intravenous evipal anesthesia and on 
June 10, 1937, the patient was discharged from 
the hospital with the wound healed and in 
good condition. 

Nine days later a temperature of 100.6° (r) 
appeared. No definite evidence of wound infec- 
tion nor of abdominal collection was found. 
On June 29, 1937, a sedimentation test re- 
vealed a rate of 100 in one hour, compared to a 
normal of 20. Pelvic examination revealed a 
mass in the left lower quadrant which was 
thought to be the placenta. Sedimentation test 
repeated on July 13 and July 20 were still 
100 in an hour. On August 9, 1937, the tempera- 
ture was 101.6° (o) with considerable supra- 
pubic pain and the presence of a tender mass 
was noted. Local applications and Trendelen- 
burg position were prescribed. On August 14, 
1937, adequate softening being present, the 
mass was opened under local novocaine infiltra- 
tion and a large amount of thin, light, greenish- 
yellow pus was evacuated. The possibility of 
this being from an intraperitoneal site instead 
of being limited to a wound infection was kept 
in mind. Drainage continued with the tempera- 
ture ranging between 99 to 100° (o) until 
September ii, 1937, when the patient felt 
quite well. On September 13, 1937 a small 
pocket at the upper end of the wound was 
opened under local novocaine and a slight 
amount of discharge evacuated. On September 
I7> 1937 menses appeared, small clots being 
present. On October 23, 1937 lipiodol injection 
into the fistulous tract and x-ray examination, 
were done in an effort to determine whether 
the discharge that still persisted, though slight. 
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was coming from the side of the placental 
attachment, or from a broken down sac which 
had been left in the abdomen. A blood chem- 
istry on October 23, 1937 was reported as 
follows: glucose 96 mg./ioo cc. blood; urea 
N. 17.6 mg./ioo cc. blood; cholesterol 160 
mg./ 1 00 cc. blood. Sedimentation curve showed 
a slight to moderately active reaction. Culture 
of pus from the sinus revealed a Staph jdococcic 
albus. A blood Wassermann test was negative. 
Menses reappeared six weeks later. Foreign 
protein injections were administered. The 
drainage from the sinus gradually diminished, 
probably an after-effect of the injection of 
lipiodol. On November 14, 1937, it was im- 
possible to visualize anj"- lipiodol in the abdo- 
men. Temperature became normal on December 
2, 1937. Drainage was scanty and by January 
15, 1938 the wound was perfectly healed. 
Sedimentation rate was normal and on pelvic 
examination the uterus was felt to be in good 
position, slightly subinvoluted and the adnexal 
regions were normal except for slight tenderness 
at the left fornix, no mass being palpable. 
Special care was taken to note whether it was 
possible to feel the retained placenta. 

During the months from Februar}' to July 
1938, the patient felt well, except for a per- 
sistent “pulling pain” in the region of the 
wound, especiall}’- noted when standing up 
from a sitting position. It was suggested to her 
that the cause of this pain might be due to 
postoperative adhesions to the wound and that 
liberation of these adhesions might bring about 
relief. On August 2, 1938, the patient was 
readmitted to the Madison Park Hospital and 
under open ether anesthesia the lower half of 
the scar was excised. There was evidence of old 
necrotic tissue in an area about i cm. in 
diameter through which the former sinus 


opened. This, however, was not connected with 
the abdominal cavity. There were adhesions 
of the omentum to the scar and a loop of the 
small intestine was attached to the abdominal 
aspect of the wound. The uterus was in good 
position and appeared normal. The right tube 
and ovary and left tube were normal. The left 
ovarj'- was cystic and slighth" enlarged. The 
descending colon and sigmoid were perfectN 
normal. No evidence of an}’- fistulous tract was 
present nor were there any signs whatsoever 
of amniotic sac nor of the placenta which had 
been left in situ. The adhesions were separated 
after double ligation and the loop of the small 
bowel was freed. The abdomen was closed 
without drainage. Twelve days later the 
patient was discharged in good condition. 

Progress of the case has been normal and 
when last examined on June 29, 1940, no evi- 
dence of pelvic abnormality was elicited. A 
tubal insufflation test, done because of the 
patient’s inability to become pregnant, revealed 
patent tubes. 
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MOBILE CECUM WITH LEFT HYDROCELE^ 

CASE REPORT 


W. Houston Toulson, m.d. 

Chief of Urological Division, University Hospital, University of Maryland 
BALTEMORE, MARYLAND 


ACCORDING to R. Houston, 
20 per cent of persons have a 
mobile cecum as the result of a 


fault in embryonic development. This is 
usuallv due to an absence of fixation of the 


ascending colon to the posterior abdominal 


position that it can be considered of 
significance. 

CASE REPORT 

\Y. M., No. 62495, age fifty-five, tvas ad- 
mitted to the Universitj' Hospital with the 



Fig. 1. Showing scrotal mass. 


wall. Failure of rotation of the cecum may 
result in a wide range of variation in its 
position. From the autopsies performed on 
infants at the New York Foundling Hospi- 
tal, the cecum was found on the left side of 
the abdomen in five cases, two in the male 
and three in the female. From an x-ray 
viewpoint the cecum is often seen to be 
mobile, so that it is only when fixation of 
the cecum takes place in an abnormal 



Fig. 2. Showing the relation of the hernial sac to 
the hydrocele. 


complaint of swelling in the left side of the 
abdomen with a history of a gradual increasing 
enlargement of the left scrotum over a period of 
four to five years, the condition being practi- 
calh- painless. The history as to trauma or 
infection of the urinary tract was negative. The 
physical examination was essentially negative 
except for a large mass in the left scrotum. This 
mass was about the size of the doubled fist; the 
skin was tense but there was no external indica- 
tion of inflammation. The lowermost portion 
trans-illuminated light but the upper portion 


* From the Urological Department. University of Marjdand. 
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was opaque. A diagnosis of left hydrocele and straw-colored hydrocele fluid was excised. The 
left scrotal hernia was made. A barium enema patient recovered without complications. 



Fig. 3. Shoeing the cecum and appendix in the 
hernial sac. 


showed the cecum in the right lower quadrant 
but somewhat irregular. At operation a large 
hernial sac was first uncovered. Upon opening 
the sac the appendix immediate!}" appeared. 
The entire cecum was loose and easily replaced 
in the abdomen. An appendectom}" was per- 
formed and the hernial sac closed off, after 
which a herniotom}- was done. The h3"drocele 
sac which contained about 250 cc. of clear. 
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DOG SURGERY 

DESCRIPTIONS OF TECHNIC FOR ANESTHESIA AND OF A RESPIRATOR 
FOR THORACIC SURGERY PRACTICE 

Thomas Peck Butcher, m.d. and Clyde O. Merideth, Jr., m.d. 

EMPORIA, KANSAS 


I N a recent editorial in the American 
Journal oj Surgciy it was suggested 
that the small town surgeon can prac- 
tice surgical technic by operations per- 
formed on dogs. Comment was made upon 
some of the surgical procedures which lend 
themselves to this form of self-development. 

Facility acquired in the handling of 
instruments, suture materials and tissues 
has been a valuable reward for the time 
given to this work. Operations done infre- 
quently in general surgical practice become 
routine procedures to one who employs this 
means for developing technic. New opera- 
tions are given trial and pitfalls may often 
be recognized before the human patient is 
exposed to them. Thus, dog surgery is a 
method for improving skill which can be of 
ser\'ice to both the beginner and the accom- 
plished surgeon. It can be made available 
anvwhere at a cost which is negligible. 

We wish to outline our routine prepara- 
tion of the animal for surgerv and to de- 
scribe a homemade apparatus which makes 
possible open thoracic surgery without the 
aid of an assistant. 

^^'^e ha\’e an arrangement with a man 
whose home is sufiiciently isolated to pre- 
vent public observation and comment. He 
obtains the dog from the pound in another 
city and when, at the appointed time, we 
arrive at his home the dog is anesthetized, 
shaved, and in position on a homemade 
operating table in his basement. The instru- 
ments and gloves are ready and work 
begins at once. 


The procedure for preparing the dog is 
as follows: A canvas bag with a draw string 
is placed over the animal’s head to prevent 
biting. The forelegs are tied together and 
this rope passed around a post. The hind 
legs are then tied together and the rope tied 
around another post and drawn snug so 
that the dog lies on the floor, stretched 
beHveen the two posts. 

The anesthetic solution consists of 15 
Gm. of chloretone dissolved in 100 cc. of 
rubbing alcohol. The initial dose is }i cc. 
per pound body weight and this amount is 
drawn into a 10 cc. unbreakable veterinary 
syringe with a large gauge needle and is 
injected in a single dose into the peritoneal 
cavity. Deep surgical anesthesia is present 
in from seven to ten minutes and the dog is 
then ready for the operating table. Occa- 
sionally, a second injection consisting of 
to 3 2 of the initial dose is necessary. This 
may have to be repeated once or twice dur- 
ing the morning. Anesthesia has thus been 
maintained in our experience for from six to 
seven hours, at the end of which time the 
condition of the animal was still quite satis- 
factory. We have lost only one dog by 
anesthesia death and this was due to an 
error in calculation which resulted in an 
initial o\'erdose. 

This form of anesthesia is convenient, 
inexpensive and highlv satisfactory, requir- 
ing no anesthetist during the operations. In 
the event that narcosis becomes too deep 
while the work is in progress the peritoneal 
cavity is washed out with normal saline and 
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a few minutes of artificial respiration have 
sufficed, in our experience, to revive the 
animal. 



Fig. I. Diagram of respirator for surgical pro- 
cedures in the dog’s thoracic c.'ivity. 


The operating table is home made with a 
top that measures forty-six inches long bj’ 
twenty-two inches wide. This leaves a 
space at one end for instruments. The dog 
lies upon his back and a rope around each 


in the experience of many competent 
general surgeons. Dog surger}" affords 
valuable practice here. However, unlike the 
human structures, the dog’s mediastinum 
and pericardium are thin friable mem- 
branes, and it is impossible to expose the 
heart or one lung without collapsing both 
lungs. Thus a respirator becomes necessar}^ 

Most respirators for animal work operate 
on compressed air or vacuum lines which 
are available in many large laboratories. 
Such is the principle of an ingenious 
device made from a windshield wiper 
designed and demonstrated to us recent!}' 
in Dr. Claude S. Beck’s laboratory at 
Western Reserve University. 

The apparatus we employ (Fig. i) re- 
quires no pressure or vacuum line. It is 
simple to construct, inexpensive and oper- 
ates on any light circuit. The gears and 
crank are from an old washing machine, 
and together with the motor may be ob- 
tained for about five dollars from any 
dealer in washing machines. The pulleys 
selected are of such ratio that the crank 



Fig. 2. Photograph of homemade respirator emplojed by 
the authors. 


leg is tied to the table beneath. The abdo- 
men is shaved and draped with towels. 
This completes the work of our assistant 
until the time comes for disposal of the 
remains. 

At the close of the operation the dog is 
killed b}' an}' of several means, the simplest 
being to Iea\'e the pleural cavity open for a 
lew minutes. 

Training in the more recently developed 
field of thoracic surger}' is apt to be lacking 


makes twenty-one revolutions per minute 
and operates a bellows which handles about 
two liters of air. A garden hose connects the 
bellows to the valve box and this in turn 
connects to a tracheal cannula inserted by 
tracheotomy. 

Fresh air is insured and overdistention 
avoided by means of the valves and vent as 
illustrated. Our earlier work was done with- 
out valves, but the addition of this unit 
gives much better results. We have found 



New Series Vol. LIV, No. 3 


Butcher, Meredith — Dog Surgery American Journal of Surgery 757 


that overdistention of the lungs proves 
fatal to the dog — a warning to those who 
use positive pressure methods on human 
patients. 

The mode of operation of the respirator 
is as follows: 

Tracheotomy is done and the inserted 
cannula connected with a short hose to 
chamber d. Vent c is open and the dog 
breathes through here. The motor is 
started and, as the bellows close, air enters 
chamber a and passes through valve c into 
chamber d where it, too, escapes via the 
vent c. As the bellows open, valve c closes 
and fresh air enters at valve b. 

The thorax is now opened and the lungs 
observed as they collapse. Partial closure of 
vent c is now commenced and checked at 
the point where the lungs fill gently without 
rounding the margins, which should remain 
as rather sharp edges. The elasticity of the 


lungs will collapse them, causing exhalation 
through the remaining aperture at vent e. 
No negative pressure from the machine is 
needed. If for any reason ether anesthesia 
is preferred, an “ether bottle” may be cut 
into the circuit between the valve box and 
the cannula. The valves consist simply of 
holes with leather flaps on which small 
coins are glued. 

The apparatus is rugged and dependable 
and can be used by a surgeon working 
without assistance. 

It is our sincere hope that the foregoing 
account may induce others to avail them- 
selves of this opportunity for practice in 
surgical technics. 
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THE PHILLIP’S RECESSED HEAD SCREW 

Arch F. O’Donoghue, m.d. 

SIOUX CITY, IOWA 


T he widespread revival of the use of 
internal metallic fixation in the treat- 
ment of hactures which has followed 



Fig. I. I, Self-retaining screw driver with the 
Phillip’s head; z, ordinarj^ driver w'ith Phillip’s 
head; 3, Phillip’s recessed head screw made of 
vitallium. Note it is impossible for driver to 
slip off this screw head. 

the work of Venable and Stuck on the 
minimal tissue reaction when using vital- 
hum has brought the mechanical difficulty 
of internal fixation again to mind. The long 
period elapsing between Venable’s work 


and the disuse of internal fixation because 
of the numerous nonunions and low grade 
infections resulting from the original Lane 
plate did not of course stimulate a search 
for better mechanical methods to introduce 
such fixation onto bone. Many who have 
been using internal screw fixation probably 
have had the same trouble that we have 
had in driving the screw into bone in 
wounds which are always somewhat bloody, 
because the screw head becomes slippery 
and the ordinary screw driver will often, 
during the application of a single plate, slip 
off the screw and jab into the patient’s 
unprotected soft parts, much to the annoy- 
ance of the surgeon and actual damage to 
the patient. 

Three years ago a screw called the 
Phillip’s recessed head screw was brought 
out in industry primarily for use in putting 
together highly finished automobile parts 
because the automobile mechanics were 
having this same trouble of slipping. The 
head of this screw has not a single slot but 
a double one, the slots being at right angles 
to one another so that a driver head made 
accurate!}' to fit this screw head cannot slip 
off. With the idea of applying this same 
principle to the use of vitallium we have 
some months ago had a dri\'er and screws 
cast on this principle and have been highly 
gratified by their use. The time of driving 
the screw is much less; the driver never 
slips off the screw and jabs the patient, and 
the actual asepsis is better because the 
surgeon is not tempted to use his free hand 
to stead}' the end of the driver in the slot 
in the screw. The illustration shows plainly 
how this principle is applied. 
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THE ELIMINATION OF AIR BUBBLES FROM INTRAVENOUS 
APPARATUS BY A MODIFICATION OF THE 

MURPHY DRIP 

Edward J. OiTENHErMER, m.d. 

Surgcon-in-Chicf, ^^'indham Community Memorial Hospital 
WILLIMANTIC, CONNECTICUT 

T he apparatus used for giving fluids used, however, for intravenous therapy 
intravenously is essentially the same the Murphy drip has a definite defect. The 
in all hospitals. An inverted flask small glass tip or dropper projects into the 



Fig. I. Fig. 2. Fig. 3. 

Fig. I. Usual type of dripper. Fig. 2. Modification A. Fig. 3. Modification b. 

containing the desired solution is connected bulb in a straight line, so that when fluid is 
by rubber tubing, or directly, to a glass allowed to run from this tip through the 
bulb of the Murphy drip type. This, in bulb, the solution carries with it air from 
turn, is connected by tubing of various the glass chamber into the tubing, 
lengths to the needle which is inserted into If, however, the glass dropper is curved 
the vein. The rate of flow is regulated by a (Fig. 2) and the solution directed to the 
small clamp on the rubber tubing either side of the glass bulb, practical!}" no air is 
above or below the Murphy drip glass bulb, carried into the tube. The same result can 
Before the needle is inserted into the be achieved b}" using a straight glass tip 
vein an attempt is made to eliminate all air and directing the solution to the side of the 
from the tubing below the bulb. This can bulb by indenting a small area of the bulb 
be done in several ways and each individual itself. (Fig. 3.) 

soon develops a technic of his own. Each In using these bulbs the flask containing 
method, however, is more or less time con- the solutions is inverted with the clamp on 
suming, and various amounts of solution the tubing closed tightl}". The clamp is then 
are wasted. At times it is difficult and opened widely, allowing a full stream of 
annoying to eliminate small bubbles from fluid to run down the side of the glass bulb, 
the tube. Within a few seconds the tubing is free of 

The Murphy drip (Fig. i) was originally all air bubbles and only a tablespoonful of 
intended and used for theTectal adminis- the solution is wasted. Both types of bulbs 
tration of fluids so that the elimination of have been used at the Windham Corn- 
air bubbles constituted no problem. When munity Hospital with great satisfaction. 
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MODIFIED BRAUN PERINEAL SCISSORS 


Harold D. Caylor, m.d. 

Caylor-Nickel Clinic 
BLUFFTON, INDIANA 

F or surgeons who, after incising the In opening the peritoneal cavity after the 
peritoneum with a knife, prefer to peritoneum is nicked with a knife this 
lengthen the incision with scissors we modified Braun shears (Fig. i, no. 2) can 




have modified the Braun perineal scissors 
so that they are more adaptable for this 
purpose. 

In the original Braun scissors one blade 
of the cutting edge was set at right angles 
to the other. (Fig. i, no. i.) By adding a 
nib to the lower flat blade of the shears we 
have, we believe, improved the instrument. 


be inserted; and because of the nib and flat 
blade the omentum, loops of bowel and 
other structures that commonly tend to 
impede this step are easily pushed aside. 
The incision can then be rapidly and safely 
completed. 

We have used this instrument for many 
months with great satisfaction. 
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OPERATIVE SURGERY 

Edited by Frederic W. Bancroft, a.b., m.d., f.a.c.s. 

W E quote in part from the Preface: “The purpose of this 
volume is to present surgical treatment of abdominal 
diseases together with such important subjects in the 
general field as anesthesia, pre- and postoperative treatment, the 
fundamental principles of surgical technic and blood transfusion, 
. . . We are fortunate in having the collaboration of authors whose 
high attainments in their chosen specialt}* enable them to best 
present their respective subjects and the technic of operations that 
haA^e proved to be of the most value. . . . They represent the best 
surgical thought of todaj'’ . . . one can choose onl}'^ one author for a 
given subject, AA'hile there are many other excellent authorities whose 
absence we regret. . . . The subject matter is entirel}^ of surgical 
treatment and is not concerned with etiology, pathology or diagnosis 
with the exception of the surgery of the spleen. Emphasis is placed on 
presenting the best methods by masters of each subject and not 
encouraging unnecessary surgery.” Thus we have the blueprint. 

R. Charles Adams did the chapter on Intravenous Anesthesia; 
Arthur W. Allen Avrote on Surger}’- of the Small Intestine; Anthony 
Bassler on Dieting for Abdominal Conditions in Which Operations 
HaA'e Been Performed; Woolfolk BarroAA^ on Appendicitis; Alfred 
Blalock on Preoperative and Postoperative Treatment; Donald E. 
Brace on Preanesthetic Medication; Frederick A. CoIIer on The 
Treatment of Peritonitis and Peritoneal Abscesses; John H. Garlock 
on Surgery of the Esophagus; A. Stephens Graham on The Colon 
and Rectum; Roscoe R. Graham on Surgical Therapy in Lesions of 
the Stomach and Duodenum; Fraser B. Gurd on Abdominal Inci- 
sions; Robert HayAvard Kenned}^ on Surgery of the Mouth; EdAA^ard 
M. Kent on Jejunal Ulcer; Urban Maes on Surgery of the Spleen; 
Samuel McLanahan on The Anus; Alton Ochsner on Appendicitis; 

*Ne\v A ork, ig4i- D- Appleton-Century Company, Inc. 
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William Barclay Parsons on Diseases of the Pancreas; Damon B, 
Pfeiffer on Jejunal Ulcer; Fred W. Rankin on The Colon and 
Rectum; 1. S. Ravdin on The Surgery of Diseases of the Liver; 



Fig. I. Intramural neurofibroma of the pylorus. Illustrates the large proportions which benign 
tumor of the stomach may reach before producing sj'mptoms. In this instance the multi- 
lobular tumor was a neurofibroma producing massive hemorrhage. (Fig. 36, on page 628, in 
Bancroft’s “Operative Surgery.” D. Appleton-Centurj’ Company, Inc.) 


Mont R. Reid on The Fundamental Principles of Surgical Technic; 
James D. Rives on Surgery of the Spleen; D. E. Robertson on 
Congenital Pyloric Stenosis and Trauma of the Duodenum; Henry S. 
Ruth on Regional Anesthesia; Rudolph Schindler on The Significance 
of Gastroscopy for the Surgeon; H. J. Shields on Spinal Anesthesia; 
Rufus E. Stetson on Blood Transfusion; Jean M. Stevenson on The 
Fundamental Principles of Surgical Technic; Harvey B. Stone on 
The Anus; Claude E. Welch on Surgery of the Small Intestine; 
Allen O. Whipple on Surgerj^ of the Biliary Tract; Sidney Cushing 
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Wiggin on Inhalation Anesthesia; and Paul M. Wood on Rectal 
Anesthesia. 

We are sure that in listing the authors and their subjects the 



Fig. 2. Continuation of Figure i. Presenting the intragastric appearance of the tumor and also 


the tumor enucleated. The area of ulceration represents the source of hemorrhage. This 


patient, operated upon t^^clve years ago, is perfectly well. (Fig. 37, on page 629, in Bancroft’s 


“Operative Surgerj-.’’ D. Applcton-Centurt’ Company, Inc.) 


reader "svill get a correct prospective of the work as a whole. To deal 
with each author and his subject would cause this review to reach 
the length of a small monograph. Suflice it to say that each and every 
author has done a thorough and workman-like job of the task given 
him. The book as a whole is good reading; that it is authoritative 
cannot be questioned. 

The book, containing 1,102 pages, has hundreds of illustrations 
some of which are in color, and these illustrations are far above the 
usual level in perfection of detail. There are references at the end 
of each chapter and there is an ample Index. 
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Up to this point we have been factual. However, we believe that 
the reader, if interested in operative surgery, will be impressed that 
this is an unusual work, of a high order of merit, and the last word to 



FtG. 3. Resection of the right half of the colon completed and the raw surfaces left by 
the dissection have been closed by a continuous suture. Insert shows inversion of 
divided end of transverse colon. (Fig. ii, on page 837, in Bancroft’s “Operative 
Surgery.” D. Appleton-Century Company, Inc.) 

date on the topics included between its covers. From every view- 
point, it is one of the outstanding surgical volumes published this 
year. 
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CANCER OF THE GUMS (GINGIVAE) * 

Hayes Martin, m.d. 

Attending Surgeon, Memorial Hospital 
NEW YORK, NEW YORK 

C ancer of the gums as a distinct anatomic form of intra-oral 
cancer has received less attention in the medical literature 
than its relative frequency merits. Its importance has been 
overshadowed by the greater emphasis placed upon such better 
known entities as cancer of the lip and of the tongue, and its identity 
has been further obscured by a lack of clear definition and its 
inclusion with a group of tumors of adjacent bony and soft parts 
under the vague term, “cancer of the jaw.” 

The present report is based upon an unselected and consecutive 
group of 1 13 cases of cancer of the gums, including all-comers in all 
stages of the disease who applied to the Memorial Hospital between 
the years 1929 and 1935, inclusive. 

Definition, j The term, “cancer of the gums” (gingivae) should 
be used to designate all malignant tumors arising in the soft tissues 

* From the Head and Neck Service, Memorial Hospital, New York City, 
t In the medical literature, gingival cancer is described under a variety of titles, 
such as cancer of the jaw, the alveolus, the alveolar border, the alveolar ridge, the alveolar 
process, the maxilla or the mandible. Cancer of the upper gum is often discussed with 
cancer of the antrum and or palate, with no distinction between those growths wliich 
arise in the epithelium of the gums and perforate into the antrum, and those which 
arise in the antrum, erode the alveolar process and perforate onto the gum surface. 
Reports on cancer of the lower gum often include tumors of bone and of the dental organ. 
As in all varieties of intra-oral cancer, the greatest confusion results when more than one 
anatoniic group is reported (under such titles as cancer of the “lip and jaw,” “tongue 
and jaw,” etc.) without separation of the data. 

Much of the confusion in terminology' results from the use of the vague term, “jaw,” 
when referring to the gums, or from misdirected attempts to clarify the problem by the 
substitution of “alveolus,” “alveolar border,” “alveolar process,” etc., rather than the 
correct term, “gum,” which is apparently considered inelegant and unscientific. Accord- 
ing to Webster, the term jaw or jaws includes the bone — maxilla and'or mandible — 
the teeth and the soft structures covering them. This term is, therefore, too inclusive. 
In anatomical texts there is only one term which defines the soft tissues covering the 
alveolar processes of the maxillae and mandibles, namely, the gums. The term, alveolus, 
refers only to a tooth socket, the terms, alveolar process and alveolar border, refer only 
to parts of the bone of the maxillae and mandible. 

The confusion in terminology' is obvious even in foreign literature. Certain French 
authors speak of cancer of the “machoire” (jayv) and “mandibule” instead of “gencRe” 
(gum). German authors commonly designate cancer of the gum as “ Kiefercarzinom ” 
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overlying the alveolar processes of the upper and lower jaws. 
Tumors of the gums should be distinguished from those which arise 
in the bone structure of the maxillae and mandibles and in tooth 
structures. 

The term “epulis” originally referred to all swellings and tumors 
in this area, particularly to “gumboils” but also to tumors of the 
bony alveolar processes which surround the alveoli (tooth sockets). 
At the present time the word bears a more restricted meaning, and in 
general is used to designate benign tumors of the gums (giant cell 
epulis, granulation tissue epulis, fibrous epulis, etc.) Etymologicall}' 
there is no objection to the term, “epulis cancer.” 

ANATOMY OF THE GUMS 

The gums are composed of a thin layer of soft tissue (i to 2 mm. 
in thickness) covering the alveolar processes of the maxillae and 
mandible. The borders of the gums are not sharply defined, but 
approximately they are delimited (a) on their outer surfaces by the 
reflection of the mucous membrane onto the cheeks and lips in the 
depths of the gingivo-buccal gutters and (b) on their inner surfaces 
by the reflection of the mucous membrane onto the hard palate 
and onto the floor of the mouth from the upper and lower gums, 
respectively. 

In structure the gums consist of dense, fibrous tissue united 
internally w'ith the periosteum and covered externally bj' mucous 
membrane. They are richlj'^ supplied ndth blood vessels but sparsely 
with nerves and are covered by stratified squamous epithelium con- 
taining numerous papillae, especially in the margins where the gums 
join the teeth. Around the neck of each tooth the gum forms a free, 
overlapping collar which is continuous with the alveolar periosteum 
(peridental membrane) or root membrane of the teeth. 

ANATOMY OF THE LYMPHATICS OF THE GUMS 

The lymphatic drainage differs in the upper and lower gums and 
also on their outer and inner surfaces. (Fig. i.) Anatomists-®'-"'^® 
differ somewhat in regard to the more intimate details of this net- 

(jaw carcinoma), although in German dictionaries there is a word “Zahnfleisch” to 
designate the gums. Kaufmann (Spezielle Pathologische Anatomic. Vol. i, p. 533, Berlin, 
1931. Walter de Gruyter & Co.) speaks of “Krebs des Zahnfleisches” and also refers to 
“epulis carcinomatosa.” In recent Italian literature there is reference to “epiteliomi 
gengivali,” which appears to have the same significance as "gingival cancer." 
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work, but from the practical standpoint these details are of only 
minor importance. 

1. Tbe Upper Gum. (a) E.xlernal or vestibular surface: (Fig. ia). 
The lymphatics of the external surface of the upper gum are continu- 
ous with those of the mucosa of the cheek and anastomose across the 
midline anteriorly. On either side the finer network and collecting 
tubules unite to form a plexus which runs backward and laterally 
along the gingivo-buccal gutter to enter the cheek. The vessels of this 
plexus then pierce the buccinator muscle along its superior attach- 
ment and reach the anterior facial vein, which they accompany to 
the submaxillary region, where they enter into the various nodes of 
the submaxillary group. The lymph vessels from the anterior portion 
of the upper gum occasionally run to the preglandular lymph-node, 
but the main lymphatic drainage from the entire structure goes to 
the prevascular and retrovascular nodes. In the present series, 
metastases from the upper gum appeared first in the prevascular 
submaxillary node in 39 per cent of the cases with metastasis, (b) 
Inter 7 ial or lingual surface: (Fig. ib). The lymphatics of the inner 
surface of the upper gum are continuous with those of the hard and 
soft palates. The main drainage passes backward beneath the mucosa 
of the retromolar triangle and posterior part of the cheek to the 
anterior border of the ascending ramus of the mandible. The lym- 
phatic trunks then incline backward and downward, passing to the 
inner side of the submaxillary salivary gland, and terminate in the 
subdigastric nodes of the internal jugular chain. 

According to Rouviere,-® there are two other inconstant routes: 
first, the anterior pathway by which a few lymphatic vessels from 
the upper gum, after leaving the retromolar triangle, pierce the 
buccinator muscle and go to the pre- and retrovascular nodes and, 
second, the posterior pathway where a few lymphatics from the 
upper gum pass posteriorly to the retropharyngeal nodes. In our 
clinic we have never been able to demonstrate clinically the presence 
of metastases in the retropharyngeal lymph-nodes from any part of 
the oral cavity or pharynx, although one must concede that enlarge- 
ment of the retropharyngeal nodes would in most cases be difficult to 
distinguish from a generalized swelling or edema of the posterior 
pharyngeal wall so commonly found associated with cancer in this 
region. 

2. Tbe Lower Gum. (a) E.xternal or vestibular surface: (Fig. ic). 
The lower external gingival lymphatic network, like that of the 
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upper, forms a plexus in the lower gtngivo-buccal gutter which 
anastomoses across the midline anteriorly. In the gingivo-bucca! 
gutter on each side the vessels pass laterally into the check, join the 



Upper Gum (Outer Surfaced 




nodes 


Lower Gum (Outer Surface) Lower Gum (inner Surface) 

Fig. i. A, B, c and v, l^Tnpbatic sx'stem of the gums. The lymphatics of the 
gums drain to the submaxiltarj' and upper deep cert'ical nodes. The pre- 
and retrovascular nodes and the subdigastric nodes receive drainage from 
all of the gum surfaces. The preglandular subma-xillarj’ node receives drain- 
age from all e.vcept the inner surface of the upper gum. The submental node 
receives drainage only from the anterior inner surface of the lower gum. 

The retropharyngeal node receives drainage only from the upper gum. 

lymphatics of the cheek, and pierce the buccinator muscle to drain 
into the prevascular node and, in most cases, into the preglandular 
and retrovascular nodes as well, (b) Internal or lingual surface: 
(Fig. id). The internal vessels make up part of the lymphatic net- 
work of the floor of the mouth and undersurface of the tongue; the 
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larger vessels pierce the myelohyoid and drain mainlj’^ into the 
preglandiilar node of the submaxillary group. Considerable drainage 
from this area, especially from the posterior portion, passes directly 
to the subdigastric nodes of the internal jugular chain. A small part 
of the lymph from the anterior inner surface of the lower gums 
passes into the submental nodes with the drainage from the adjoining 
floor of the mouth. 


ETIOLOGY 

General Incidence. According to the admission records of the 
Memorial Hospital, cancer of the gums makes up about lo per cent 
of all malignant tumors of the mouth, 7 per cent of all those of the 
upper respiratory and alimentary tract, and 2.5 per cent of all human 
cancer. Its incidence is about the same as cancer of the cheek. 
Kirkham, of Texas, states that gingival cancer is more common in 
the negro than in the white race, although he gives no figures to 
prove his claim. In animals, gingival cancer makes up almost 30 per 
cent of all malignant tumors of the oral cavity,^' about three times 
the proportion in human beingsl 

Age and Sex. The average age of the 1 13 patients in the present 
series was sixty-one years, which is slightly older than that of other 
forms of intra-oral cancer (lip fifty-six, tongue fifty-eight, cheek 
sixty). The youngest patient Avas twenty-two and the oldest sixty- 
six. The disease is definitel}’^ more common in the older age groups; 
almost 70 per cent of the tumors occurred after the age of sixt}* and 
only about 2 per cent under the age of forty. About 82 per cent of the 
patients were males, and 18 per cent females, a relative incidence 
identical with that reported by Edling® in forty cases. 

Position of the Growth. In the present series the lower gum was 
affected in 54 per cent of the cases, the upper in 46 per cent. Gaini® 
has recently reported a series of fifty-three cases in which 68 per 
cent of the tumors occurred on the lower jaw. The region of the 
third molar was the most common site of origin (about 60 per cent) 
in the present series with the region of the bicuspids and canine 
teeth next in order. Relatively few lesions (5 per cent) arose near the 
midline anteriorly. Forty-tAA’O per cent of the growths were located 
on the right side and 58 per cent on the left. Janeway, in 1918,^- 
reported seventeen cases of cancer of the “superior maxilla” from 
the Memorial Hospital, of Avhich twice as many occurred on the right 
as on the left. 
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Since most growths are fairly well advanced on admission, it is 
sometimes difficult to determine the exact point of origin; but from 
the position of the smaller lesions and from the direction of the 
greatest extension in the larger ones, it appears that the apex of 
the gum is most often the primary site, and that if the lesion arises 
definitely on one or the other side, the outer surface is the point of 
origin about twice as frequently as the inner. In 90 per cent of all 
cases extension had taken place to neighboring structures on admis- 
sion, which is to be expected since the gums are relatively narrow 
(2 to 2.5 cm.) and the average diameter of the primary lesions was 
3.3 cm. 

Causative Factors. An analysis of the causative factors in the 
present series fails to reveal any marked variation between cancer of 
the gums and of other parts of the oral cavit\' except that the per- 
centage of syphilis is not so high. The cumulative effect of several 
forms of chronic irritation is obviously of more importance than the 
action of any one irritant. The older mean age in the present series 
may be simply fortuitous, or it may indicate that gingi\'al cancer 
develops only after long continued chronic irritation. Neither 
syphilis nor tobacco appears to be an important factor in the present 
series. In animals the high relative incidence of cancer of the gums as 
compared to cancer of other parts of the oral cavity might provide 
the basis for an interesting investigation — or at least speculation — on 
the effect of differences in dietary- habits in animals and in man. This 
question, however, is beyond the scope of the present report. 

Tobacco. As with all forms of intra-oral cancer which have been 
analyzed at the Memorial Hospital, about 70 per cent of the patients 
with gingival cancer give a history of using tobacco. This figure 
approximates the incidence of the habit in the general male popula- 
tion, and therefore is of little etiologic significance. Edling,^ of Lund, 
Sweden, reported a large proportion of tobacco-chewing farmers 
among his cases of gingival cancer, but the chewing habit does not 
appear to be common in New York Cit}' or the eastern United 
States, since at the Memorial Hospital the coincidence of tobacco 
chewing and intra-oral cancer is rare. 

Syphilis. In ninety cases of the present series in which Y^’asser- 
mann tests were made as part of the routine examination, positive 
reactions were obtained in only 3 per cent, a figure which is below 
that for syphilis in the average male population of the corresponding 
age group (6 per cent).®® The fact that it is below the average is 
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probably only accidental, but at any rate the low figure undoubtedly 
indicates that syphilis is not a factor in the causation of gingival 
cancer. 

Dental Derayigements. A causal relationship between dental 
derangements and cancer of the gums is undoubtedly more apparent 
than real. In the first place, if teeth were not present at the site of the 
growth, there would necessarily be a history of dental defects which 
led to extraction. Second, if teeth were present when the growth 
appeared, the patient would naturally believe that the trouble was of 
dental origin. Third, if the patient wore any form of denture, it 
would necessarily become ill-fitting in the presence of an underlying 
gingival tumor, and in such cases a direct causal relationship, even 
though erroneous, would alwavs be assumed. For these reasons, a 
history of past or present dental complications can be obtained in 
most cases, but in the majority their significance is doubtful. In the 
present series about 25 per cent of the patients first consulted a 
dentist, and 15 per cent had had teeth extracted during the three 
months before admission to our clinic. An additional 10 per cent had 
attributed the development of the growth to ill-fitting dentures. 
Kirkham^^ reports that in practically all of his cases an erroneous 
diagnosis of dental abscess had been made before admission, and 
Gernez® states that almost all patients with gingival cancer first 
consult a dentist. 

In pyorrhea alveolaris, primarily a disease of the peridental mem- 
brane in the tooth sockets, there is always an associated inflamma- 
tion of the gums themselves. On the other hand, there are other 
forms of gingivitis, notably that associated with avitaminoses, which 
can occur independently of pyorrhea alveolaris. Any of these forms 
of chronic inflammation of the gums could conceivably be an impor- 
tant factor in the etiology of gingival cancer. However, some degree 
of gingivitis, probabl}’ from a combination of these causes, as 
evidenced by bleeding of the gums on brushing of the teeth, is almost 
universal. The manufacturers of tooth paste capitalize upon this fact 
in their advertisements. The gums and the dental apparatus are 
among the first structures to deteriorate with the natural aging 
process in both man and animals, and for this reason such chang-es 

O 

cannot be considered as abnormal. 

Acute abnormalities of the dental apparatus are self-limited in 
duration, since they are usually followed by early loss of the teeth 
and healing of the gums. From the mechanical standpoint, the gums 
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are not often affected by sharp or broken teeth which are likely to 
traumatize the border of the tongue or the mucosa of the cheeks. In 
the final analysis, one must conclude that although diseases and 
defects of the dental apparatus may possibly play a part in the origin 
of cancer of the gums, their significance is not great; and it is prob- 
able that the same extraneous irritants operate here to cause cancer 
as in other parts of the oral cavity. 

SYMPTOMS, MORBID ANATOMY AND CLINICAL COURSE 

The most common first symptom noted by the patients in the 
present series was the lesion itself (70 per cent), with local “soreness” 
occurring first in only about 20 per cent. Since the gums themselves 
are poorly supplied with nen'-es, pain or discomfort seldom occurs 
until the growth has extended to neighboring structures. In a few 
instances, the primary lesion produced no noticeable symptoms 
whatever, and the patients first consulted a physician because of 
enlarged cervical nodes (4 per cent). 

A patient with cancer of the gum rarely seeks medical advice in 
the early stages of the disease. In the present series the average size 
of the growth was 3.3 cm. on admission. (Fig. 2.) In over one-third of 
the cases the primary lesion was over 4 cm. in diameter, and in only 
10 per cent was it less than 2 cm. The average duration of symptoms 
before admission was 6.2 months. 

The lesion begins as a small papillary ulcer, usually on the apex 
or margin of the gum (sometimes on the buccal surface separate from 
the margin, less often on the inner surface), which produces neither 
pain nor other discomfort. When first discovered by the patient, it is 
likely to be considered a dental abscess. If a tooth is extracted, the 
growth may progress by way of the tooth socket to Invade bone. In 
other cases, as the tumor enlarges it may interfere with the fit of a 
dental plate or removable bridge, and the patient, mistaking 
the effect for the cause, believes that the denture has provoked the 
lesion. Unless the growth invades the underlying bone through the 
tooth sockets following extraction, the periosteum proves resistant 
for some time, and the tumor spreads peripherally into the cheek, 
hard palate, or floor of the mouth to form a broad, flat, superficial 
ulcer several centimeters in diameter. In other cases, especially in 
tumors of lower grade, the periosteum resists invasion and the 
groMth fungates into the mouth. 
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After a period of several months the periosteum is finally per- 
forated, and then bone is rapidly invaded and eroded. With deep 
invasion of the mandible, pathologic fracture may result. A gro^Yth 



Fig. 2. W. S., age si\ty-onc, admitted to the Memorial Hospit.al in 1935. 

A, the primaiy- lesion, about 3.5 cm. in diameter, involved practically tlic 
entire right gum. Diagramm.atic insert shows e.\tent of lesion. Biopsy 
shoved squamous carcinoma grade 1. n, treatment was by peroral \-radia- 
tion. The patient has sun-ived five years free of disease. 

in the lower gum may extend through the bone to the skin over the 
outer surface of the mandible or the submaxillary region. Such deep 
invasion of bone is usually associated with sepsis, both locally and in 
the submaxillary nodes, so that there is a combination of inflamma- 
tory hyperplasia, local cellulitis and metastatic invasion of the 
submaxillary and upper deep cervical nodes. A combination of these 
various disease processes makes it difficult to determine the extent 
of the cancer. 

Extension of (be Growth. In the present series the disease had 
extended beyond the gum into the neighboring structures on admis- 
sion in 90 per cent of the cases. The mucosa and deep tissues of the 
cheek (Fig. 3) were the most frequently invaded, with the hard and 
soft palates, the floor of the mouth and one anterior tonsillar pillar 
next in order. In most instances, more than one of these structures 
were involved. In 35 per cent of the present cases bone erosion was 
demonstrable both clinically and roentgenographically on admission. 
When the growth has once invaded the medulla of the mandible, 
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it may then progress for several cm. before again appearing on the 
surface.* 

In the upper gum erosion of the ma.viiia evenluaily results in 



Flo. 3. A. K., .TRc .•idniiltc<I t» the Metnorhil Ho'pit.il in s. 

tiic primary teuton tif tin; riplit lower (turn !i:id deeply invaded the pinpivo- 
buccnl putter and perforated «into the ‘;hin surface. Diagrammatic invert 
shows extent of lesion. Biopsy showed squanious carcinoma prade 1. n, 
treatment was !>y a coml)in:ition of x-radiation .ind radon seeds witli com- 
plete repression. The patient later developed two separ.ite prim.-iry c.incers 
of the mucosa of the check and of the hard palate, which were excised hy 
cautery. 


extension of the disease into the maxillary antrum or nasal cavity. 
Invasion of the antrum, although almost ahvays associated uith 
purulent infection, seldom leads to marked swelling of the cheek and 
edema of the periorbital tissues, because the antral wall has been 
eroded and neither tumor nor pus can produce marked pressure 
within the cavity. From the anatomic standpoint this observation 
may be of some value in the differential diagnosis of doubtful cases. 
After posteriorly situated lesions of the upper gum have invaded the 
soft palate and cheek, there is sepsis in the region of the pterygoid 
and temporal tendons, and late in the course of the disease there may 
be swelling of the entire cheek and temporal region. 

* In a recent case I hav'e observed epidermoid carcinoma of the gum which invaded 
through the socket of an extracted left lower bicuspid tooth and progressed through the 
medulla of the mandible toward the right, crossed the midline, and then perforated the 
cortex to appear on the outer surface of the right lower gum opposite the right first molar. 
This continuous direct extension through the medullary c.avity for a distance of about 
6 cm. was proved both by rocntgenographic examination and by gross and microscopic 
examination of the surgical specimen of the excised mandible. 
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Metastasis. In general, the behavior of metastasis in cancer of 
the gums follows that of other intra-oral cancers. About 35 per cent 
of the patients in the present series had cervical metastases on 
admission, which is about the same as the figure reported by Jane- 
way^- over twenty years ago. An additional 20 per cent developed 
metastases subsequently, so that 55 per cent had metastatic involve- 
ment at some time during the course of the disease, a figure which is 
only slightly lower than in cancer of the tongue and of the floor of the 
mouth. In the upper gum, metastases on admission (28 per cent) were 
less frequent than in the lower (39 per cent), although eventually 
6 1 per cent of the growths of the upper gum metastasized as compared 
to 5 1 per cent of the lower. These figures are based upon too small a 
series to be absolutely conclusive, but in any case they do not con- 
firm the statements of MacFee*° and Schley-® that metastasis to the 
cervical Ijunph-nodes from cancer of the upper Jaw is infrequent. 

The pathway of lymphatic drainage and the position of the nodes 
first involved vary considerably in cancer of the upper and lower 
gums, respectively. The difference may be adequately explained b}- 
the anatomy of the lymphatics, which has already been described. In 
the upper gum the lymphatic drainage is chiefly to the subdigastric 
nodes of the internal Jugular chain which were involved first in the 
present series in over half of the cases with metastasis from this area. 
In a lesser number (39 per cent) metastases from the upper gum 
appeared first in the pre- and retrovascular nodes of the submaxlllary 
group. 

From the lower gum the main drainage is into the submaxillary 
group (preglandular, pre- and retrovascular) where nodes were 
involved first in about 65 per cent of the cases with metastasis from 
this area, with only about 30 per cent occurring first in the sub- 
digastric region. The pre- and retrovascular 13'mph-nodes lie ver}’^ 
close to the primary- lesion in cancer of the posterior lower gum, and 
in advanced cases the two foci of the grovi;h tend to coalesce and 
invade Jointly" the adjacent tissues. After involvement of the first 
“echelon,” the disease disseminates to the middle and lower nodes 
of the Jugular chain and to the viscera. Bilateral metastases occurred 
in only about 4 per cent of the entire series. Johnson, reporting 
upon 122 cases from the Memorial Hospital clinic in 1925, recorded 
onh- one instance of bilateral involvement. 

Systeiiiic Metastases. In the autopsj’^ records at the Memorial 
Hospital there are reports of 284 patients dead of cancer of the upper 
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respiratory and alimentary tracts. Ainong these are fourteen cases of 
‘gingival cancer, in five of which (35.7 pi’f fcnt) there was visceral 
involvement. From these records it appears that visceral dissemina- 
tion occurs more frequently from cancer of the gum than from cancer 
of any other part of the oral cavity except the mucosa of the chcck 
(36.3 per cent). 

Double Primaries. As in other anatomic forms of intra-oral 
cancer, the coincidence of a second primary cancer in another site is 
not unusual. Multiple cancers occurred in eight of the present series, 
in one of which there was a separate growth of the gum on the oppo- 
site side. In the others the second cancers occurred, respectively, in 
the skin of the face, timgue, prostate, soft palate, pancreas, breast 
and sigmoid. 

Cause 0/ Death. The terminal symptoms in cancer of the upper 
gum arc about the same as in cancer of the antrum. In cancer of the 
lower gum, the floor of the mouth and the tongue are invaded, with 
metastasis or sepsis in the submaxillary lymph-nodes, terminating in 
cellulitis of the whole submaxillary region. Death ensues from a 
combination of causes — exhaustion from pain, sepsis, malnutrition, 
and hemorrhage from the eroded external maxillary and/ or man- 
dibular arteries. It is probable that systemic metastasis is niorc often 
a factor in causing death than is commonly realized. 

Melanoma. Melanoma occurs more often in the gums than in 
any other part of the oral cavity. In the present series there were four 
cases, two on the upper gum and two on the lower. One occurred in a 
male and three in females. The average age was forty-live years, 
about seventeen years younger than the average for carcinomas 
(sixty-two years). The average duration of symptoms in these cases 
was eleven months, five months longer than in the carcinomas. 

The clinical appearance of mucous membrane melanoma is fairly 
characteristic. All of the four tumors were deeply pigmented, 
smoothly granular and ovoid, tending to fungate from the surface 
rather than to infiltrate deeply. Except for the pigmentation, they 
resembled the benign giant cell epulis in appearance. All of the 
growths metastasized first to the submaxillary lymph-nodes, then 
widely throughout the neck and eventually systemically. In one 
case which occurred in a female of forty years, the patient surx-lved 
without recurrence for four years, when she developed metastases in 
the lungs and pleura, as shown both by her symptoms and roentgen 
examination of the chest. She survived the pulmonary metastases for 

1X2} 



MARTIN— CANCER OF THE GUMS 


781 

about fifteen months, during which time she coughed up from the 
bronchi a mass of granular tissue which was examined histologically 
and found to be melanoma. All of the cases terminated fatally 
despite treatment, with an average survival of almost five years, two 
patients living more than five years. 

HISTOPATHOLOGY 

Epidermoid carcinomas made up almost 90 per cent of the cases 
of gingival cancer in the present series, as shown in Table i, with 
squamous carcinomas, grade ii, predominating (62 per cent). As in 
the lip and cheek, squamous carcinomas, grades iii and iv, were rare. 
Adenocarcinomas arising in minor salivar}' glands made up about 

Table i 

HISTOPATHOLOGY IN I13 CASES OF CANCER OF THE GUM AT THE MEMORIAL HOSPITAL 


Squamous carcinoma grade i 29 

Squamous carcinoma grade n 66 

Squamous carcinoma grade lu i 

Melanoma 4 

Lymphoepithclioma i 

Spindle cell carcinoma i 

Adenocarcinoma j 

Lymphosarcoma i 

No disease at primary site on admission 5 

Total 1 13 


5 per cent of the cases, with lymphoepitheliomas occurring only 
occasionally. There were four cases of melanoma in the present series. 
As already stated, this tumor occurs more commonly in the gum 
than in any other part of the mouth. 

DIAGNOSIS 

A biopsy is an essential part of the management of intra-oral 
cancer, and a specimen should be taken in all cases from any suspi- 
cious ulcerated lesion in the mouth at the time of the first examina- 
tion. Such confirmation of the diagnosis should be mandatorv before 
the patient is subjected to the necessarily aggressive treatment 
for cancer, either radiologic or surgical, and no claim should be made 
for cure in cases which are not histologically proved. 

Benign tumors which may be confused with cancer, or vice versa, 
are common in the gums. Their comparative incidence is shown in 
Table ii. In general, their clinical appearance should immedlately 
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suggest their benign nature, but since errors are so frequently made, 
thej'- will be discussed in detail under separate headings. 

Table n 

COMPARATI\’E IN'CIDENCE OF BENIGN' AND MALIGNANT TUMORS OF THE GUM 


AT THE MEMORIAL HOSPITAL 

1929 to 1935, Inclusive 

Malignant tumors 108 

Carcinoma 103 

Melanoma 4 

Lymphosarcoma i 

Benign tumors 67 

Giant cell epulis 29 

Granulation tissue epulis 23 

Fibrous epulis 12 

Miscellaneous (papilloma, myxofibroma, angioma) 3 


Delay in Diagnosis. At least one-fourth of the patients with 
gingival cancer first consult a dentist under the impression that the 
lesion is a dental abscess, commonly known as a “gum boil.” In most 
instances the dentist extracts one or more teeth, whether or not he 
recognizes the true nature of the condition. Such errors obviously 
should occur only in the small or moderate-sized lesions, for the 
malignant nature of the ulcerated and fungating tumors can hardly 
be missed. Twent3'-three patients in the present series (20 per cent) 
stated defmitel}" that they had first consulted a dentist. In seven of 
these the dentist suspected that the lesion was a malignant growth 
and recommended medical consultation. In sixteen of the cases it is 
obvious that the dentist missed the diagnosis because teeth were 
extracted or mouth washes prescribed, and in these cases there was 
an average dela^- of 6.4 months before a correct diagnosis was made. 
Fifty-three patients (about 50 per cent) stated that the}' had 
consulted a physician first. In thirty-six of these a tentative diagnosis 
was made and the proper treatment advised. In seventeen it is 
apparent that the physician did not suspect cancer because the 
patients were treated with topical applications and mouth washes 
for varying periods. No average period of delay can be calculated 
because the patients’ statements concerning the time interval were 
too indefinite. 

Dental Abscess or “Gum Boil.” This lesion is apparently com- 
mon in dental practice and is the most frequently confused with 
cancer when the patient consults a dentist. A dental abscess is 
always a mound-like, painful swelling of the gums opposite a tooth. 
Fluctuation and acute tenderness are characteristic, and there is no 
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ulceration unless the abscess has ruptured or the gum has been 
incised. By contrast, cancer of the gum is always ulcerated from the 
beginning and is never painful or tender until the later stages. 

Giant Cell Epulis. The most common benign tumor of the gums 
is giant cell epulis, an infectious granuloma of long duration in 
which inflammatory giant cells have formed. Giant cell epulis usually 
occurs as a deep bluish-red, ovoid, partly pedunculated tumor, 
usually on the outer surface of the gingival margin in close associa- 
tion with a tooth or sometimes in an edentulous gum. The surface 
may be covered with thin mucous membrane or it may be partly 
ulcerated, but there is never erosion. The history is usually of several 
months’ duration with no symptom except the presence of the tumor. 
As long as the growth is not ulcerated, there appears to be consider- 
able growth restraint; but following incomplete removal, there is 
rapid recurrence from the base. The treatment is local removal with 
curette and thorough cauterization of the base. It is usually neces- 
sary to extract one or more adjacent teeth in order to obtain com- 
plete destruction of the base of the tumor. 

Granulation Tissue Epulis and Pregnancy Tumor” of the Gums. 
Granulation tissue epulidi maj' appear in either sex and are usually 
associated with peridental sepsis. They almost always arise on the 
outer surface of the margin of the gum at its junction with a tooth 
and may be distinguished from cancer b}’^ the history and the charac- 
teristic deep-red, granular, pedunculated, non-infiltrating appear- 
ance. This lesion is fairly common during pregnancy when it is known 
as a “pregnancy tumor” of the gum. Exuberant granulomas of the 
gum are occasionally a feature of the gingivitis which accompanies 
avitaminosis b. The treatment is the same as for giant cell epulis. 
Most cases are benefited by the administration of vitamin b. 

Fibrous Epulis. This tumor, usually associated with a tooth, 
appears as a firm pedunculated mass, 3 to 10 mm. in diameter, at the 
gum margin. The surface is covered by mucous membrane of normal 
color, and the growth apparently represents a granulation tissue 
epulis which has become organized. The tumor occurs more com- 
monly in females than in males and is usually situated anteriorly on 
the outer surface of either the upper or lower gum. The treatment is 
local surgical removal with moderate cauterization of the base. There 
is no marked tendency toward recurrence. 

Leukemia. The gums are occasionally the site of the first objec- 
tive lesion in lymphatic or aleukemic leukemia, although the patients 
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complain mainly of loss of strength. In these cases the gums are 
swollen, bluish-red in color, and present granulomas of varying size 
at the margin. Biopsies from these areas may give a picture of 
lymphosarcoma, but the true character of the disease is shown by a 
blood count which will reveal the lymphocytosis. Several such cases 
have been observed at the Memorial Hospital. 

Syphilis. The only syphilitic lesion which might simulate cancer 
in appearance is gumma. Although this lesion can theoretically 
appear in the gum, there is no case on record at the Memorial Hospi- 
tal. It cannot be differentiated clinically from cancer, but it is so rare 
as to be of no diagnostic significance and should not be included in 
any theoretical considerations, provided that a biopsy is part of 
every routine examination. 

Miscellaneous Benign Tumors. Papilloma, a benign warty 
epithelial tumor, may occur in any part of the oral mucous mem- 
brane. The treatment depends on the individual characteristics of 
each case and may be either by narrow surgical excision or by super- 
ficial cautery. Myxofibroma, hemangiomas and lymphangiomas may 
occur in the gums but offer no particular problem in diagnosis. 

TREATMENT OF THE PRIMARY LESION IN CANCER OF THE GUiM 

The effectiveness of any form of treatment of cancer of the gum 
(surgery, cautery or radiation) is dependent upon certain anatomic 
features which are unique in the gums and hard palate. Growths in 
these areas arise in a thin layer (i to 2 mm.) of soft tissue overlying 
bone. Whether or not the periosteum has been invaded, adequate 
surgical treatment requires the removal of at least a thin shell of the 
underlying bone; otherwise there is no assurance that the base of 
the growth has been removed. In the upper gum, the removal of 
overlying bone usually means opening into the antrum and some- 
times the nasal cavity. This portion of the bone, so near the surface, 
also limits the possibilities of radiation therapy. In many cases the 
thinness of the growth over bone makes the retention of interstitial 
Implants impossible or at least uncertain, and therefore the depend- 
ence must be placed chiefly upon external radiation. The administra- 
tion of cancer lethal radiation doses in gingival cancer will at least 
partially devitalize the underlying bone, subjecting considerable 
areas to the danger of subsequent radio-osteomj^elitis. If the peri- 
osteum and bone have been invaded, sterilization of the growth will 
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inevitably leave the bone exposed, radio-osteomyelitis follows, and 
sequestration of the bone must take place before healing. 

The treatment method in the individual case of gingival cancer 
should be selected after a full consideration of these limitations and 
complications. In carcinoma, which makes up over 95 per cent of the 
malignant tumors of the gum, no single method is suitable in all 
cases. Radiation, surgery and combinations of the two all have a 
definite place in the treatment of this disease. In two of the rare 
histologic types, the indications in the selection of the treatment 
method are more definite; that is, melanoma should be treated only 
by surgical excision and lymphosarcoma only by radiation. 

In the literature most of the references to gingival cancer are 
found in articles on cancer of the upper and lower “jaw,” and they 
frequently include antral or bone tumors in the same group. As has 
already been mentioned, so-called “carcinomas of the Jaws” are 
often grouped with growths of the floor of the mouth, cheek or 
tongue, and the data are therefore confusing. When the pertinent 
opinions regarding treatment of gingival cancer are sifted out, they 
are found to be about equally divided between loeal excision of the 
tumor by actual cautery (Crile,'' Bloodgood,^ Ochsner--) or endo- 
thermy (Gernez,®Ohngren,*^ FischeU), radiation methods (Johnson,^® 
Quick,-' Ashbury,- Janeway*-), radical resection of the maxilla 
(MacFee,*' Meyer,-* Woodman,^* Schley,-® Frenckner,* Harmer*®) 
and combinations of surgical excision and radiation (Ediing,® 
Maurel-”). Many of the total resections of the upper jaw have 
probably been done for reasons similar to those for amputation of the 
extremities at so-called “sites of election.” Such a principle is not 
well conceived when applied to the maxilla, for a line of resection 
passing through the nasal cavity and the orbit can hardly be con- 
sidered a “site of election.” As far as the comparative merits of any 
single one of these methods is concerned, one can find no proof in the 
literature, since none of these authors has given five-year end results 
on a series of histologically proved cases. 

General Hygienic Measures. As in all forms of intra-oral cancer, 
hygienic care of the oral cavity both before and during treatment is 
an important factor in a successful result. In the uncomplicated case, 
local sepsis is superficial and can be controlled by mouth irrigations 
(q. 2 to 3 hr.) with alkaline-saline solutions (sodium bicarbonate and 
sodium chloride aa oi to i quart of warm water) and cleansing by 
power sprays (2 to 3 times a day). 
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The presence of teeth directly at the site of the primarj^ growth 
or in the immediate vicinit}^ always constitutes an obstacle not only 
to the administration of treatment but also to proper hygienic care. 
The solution of this problem must be individualized in each case. 
Wholesale extraction of teeth is objectionable for several reasons. 
First, laceration of the gum opens the tooth sockets to invasion by 
the growth or bj'^ infection following radiation. Moreover, if there is 
an eventual loss of bone in either the upper or lower jaws, the reten- 
tion of some sound teeth is invaluable if restorations by mechanical 
prosthetic appliances are to be used. A few teeth may have to be 
extracted so as to permit the introduction of the proper sized cylinder 
for peroral x-radiation. Other teeth ma}'^ be so loose and so involved 
by dental sepsis that extraction is necessary even though objection- 
able from some standpoints. In other instances, sound teeth are best 
amputated at the gum margin, the nerve extracted and the root 
canals filled, leaving the tooth sockets plugged to guard against 
invasion by growth or infection. 

As with many forms of intra-orai cancer, dietarj'- deficiencies, 
especially avitaminosis b, accompanied by low grade stomatitis may 
plaj'- an important rble in the etiolog)'^ and treatment of cancer of the 
gum. The malnutrition associated with this condition can be greatl}' 
improved by the administration of large doses of the vitamin b 
complex as, for instance, dried granular 3feast in doses of three 
tablespoonsful (50 Gm.) daiI3^ 

Treatment of the Primary Lesion by Radiation. Although there 
ma}'^ be definite advantages in surgical removal of the smaller lesions, 
the fact remains that radiation therapj'^ is the most useful and 
suitable method of treatment, since in the average case the growth in 
the gum is situated posteriorly'^, is over 3 cm. in diameter and involves 
at least one neighboring relatively' inoperable structure. In super- 
ficial growths arising in the thin layers of soft tissue overlynng bone, 
external rather than interstitial radiation must be the main form of 
treatment. Quick-” has called attention to the mechanical impossibil- 
ity' of deep implantation of interstitial sources and the inadequacy' 
of contact application of radium in cancer of the gum. 

At the Memorial Hospital the radiation technic for cancer of the 
gum consists of ( i ) peroral .v-radiation given through the open mouth 
by' the use of metal cylinders, thus avoiding irradiation of the over- 
lying skin, cheeks and lips; (2) supplementary x-radiation through 
accurately centered portals on the skin of the cheek, the tongue and 
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the opposite side of the mouth being at least partly protected by lead 
shields placed on the lingual surface of the affected gum; (3) supple- 
mentary implantation of small doses of radon seeds in residual disease 



Fig. 4. A, a patient is shown in position for peroral .v-radia- 
tion to a cancer of the lower anterior gum. The surgeon 
checks the accuracy of the set-up by an electrically 
lighted periscope, following which the periscope is re- 
moved and the treatment administered, b, peroral 
.v-radiation for a growth of the upper gum. 

in the cheeks or floor of the mouth or, rarely, in the gums themselves. 
The use of supplementary contact applications of radon in dental 
compound molds is useful only in rare instances. 

After the preliminary extraction or amputation of such teeth as 
constitute a definite obstacle, peroral .v-radiation is given through a 
metal cylinder of the correct size (2.5 to 5 cm. in diameter) to include 
the primary lesion amply with a margin of at least i cm. of surround- 
ing normal tissue if possible. (Fig. 4.) A detailed description of the 
apparatus and of the advantages of this technic has alreadv been 
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published. Accurate direction of the beam and centering of the 
peroral portal is favored by the use of an electrically lighted peri- 
scope. (Fig. 4.) For the peroral x-radiation of intra-oral cancer we 
have used both high voltage x-ray (200 to 250 kv., filter 0.5 to r.5 
mm. Cu) and low voltage .x-ray (100 to 120 kv., no filter except the 
tube wall, 1 mm. A 1 eq.) at the shortest target skin distance (15 to 
35 cm.) which can be obtained within the mechanical limitations 
of the apparatus. The treatments are given daily or at least three 
times a week. The individual dose in roentgens depends upon the 
correlation of such physical factors as the voltage, the size of the 
portal and the frequency of the treatments. On an average the total 
dose in about twenty to twenty-five days with high voltage radiation 
(200 to 250 k^^) is from 5,000 to 7,000 r; with low voltage radiation 
(100 to 120 kv.) the total dose over the same period is 10,000 to 
15,000 r. 

In most cases peroral .x-radiation to the gum as described above 
is combined with external radiation given through the skin of the 
cheek, the exact center of the portal being carefully determined and 
marked on the skin by a small tattoo mark.* Treatments are given 
to the two ports on alternate days, the daily dose depending on the 
size of each portal. The external portal should be kept to a minimum 
size (3.5 to 5 cm. in diameter), just large enough to cover the primary 
lesion with a margin of about i cm. A total dose of 4,000 to 5,000 r 
is given to this portal over a period of three weeks. At the completion 
of this .x-radiation, subsequent treatment depends upon the amount 
of reaction in the normal tissues and the regression of the tumor. In 
some instances further external radiation may be given. If onh' a 
small nodule of residual disease can be palpated in the margin, it is 
often best to implant a few radon seeds (2 to 5 of i me. each). In rare 
Instances contact application of radon in dental molds might be used 
after .x-radiation. 

Treatment oj the Primarx'' Lesion by Surgery. As has been men- 
tioned previously, it is best to restrict purely surgical removal to 
small superficial tumors which have not extended into neighboring 
structures. The technic for the combined use of cautery and bone 
chisel in these lesions is described in Figures 5 and 6 with their 

* The skin is cleansed with alcohol and a small drop of India ink is placed at the 
selected point. With a sterile, sharp-pointed surgical needle, several punctures are made 
through the India ink into the skin. Such a mark remains permanentl3’-, but its size can 
be so small as to be unobjectionable. 
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Fig. 5. A, B, c, D and e, resection of the mandible through the mouth. the 
mandible is usually sectioned near the symphysis, preferably with a Gigli 
saw inserted through stab w ounds from the floor of the mouth out through 
the skin of the submental region. The skin is advantageously protected by a 
specially devised guard. B, after the mandible is sectioned, the mucous 
membrane surrounding the lesion in the gum is cut through by an actual 
cauterj", leaving a safely wide margin of normal tissue, c, the bone is grasped 
by a bone-holding forceps and freed by sharp and blunt dissection, d, the 
attachment of the temporal muscle to the choronoid process is severed and 
the temporomandibular joint disarticulated by torsion. E, hemorrhage is 
controlled mainlv bv packing and the wound is left open. 
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Fig. 6. A, b, c and d, resection of the mandible through an external incision, a, 
after CAposure of the outer surface of the mandible through an evternal 
incision (A and B), the bone is sectioned by a motor saw (C). b, after section 
of the bone, the oral cavity is entered by an incision placed sufficiently wide 
of the tumor, as inspected through the open mouth, c, after incision through 
the soft tissues safely wide of the lesion, the bone is again sectioned near 
the angle by a motor saw and the bone fragment removed with the contents 
of the submaxillarj’' triangle (submavillarj' salivary gland and lymph- 
nodes). The ascending ramus of the mandible may also be sectioned by 
disarticulating at the temporomandibular joint. D, the operative wound 
is closed in layers, the mucous membrane by an inversion stitch (F and G) 
reinforced by a layer of muscle sutures (H and /), and finally the skin is 
closed with provision for subcutaneous drainage (J). 
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accompanying legends. These more extensive operations should be 
preceded b}* ligation of at least one external carotid artery. 

In the upper gum this technic may be used to excise the larger 


Closure of second layer by 
catguf sutures 



Ends cf benc fragments 
boned by approximation 
ot soft tissues 


D 

For descriptive legend see opposite page. 

portion of the maxilla including the floor of the antrum. As far as 
cancer of the gums is concerned, such an operation is just as eflecti\'e 
as total resection of the maxilla vith the additional advantage that 
neither the uninvolved floor of the orbit nor the lateral wall of the 
nasal cavity is disturbed. 

In the lower gum the possibilities of local surgical removal are 
somewhat less than in the upper gum, for unless the volume of 
resected bone is small, it is impossible to maintain the continuity 
of the mandibular arch. When a portion of this bone is removed, the 
deformity is extensive and the function of mastication is perma- 
nently lost. Partial or hemiresection of the mandible is sometimes 
indicated for persistent or recurrent cancer or for radio-osteomyelitis. 
If a posterior portion of the horizontal ramus is to be excised, a better 
cosmetic result is obtained by including the ascending ramus in the 
resection, disarticulating it at the temporomandibular joint (Fig. 
6c); otherwise, the fragment of the ascending ramus tends to be 
drawn forward and upward into the oral cavity and, after healing, 
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constitutes a minor nuisance. When the mandible is resected for 
cancer, the line of incision passing through soft tissues must be 
determined by the probable extent of the growth. In these cases it is 
usually advisable to make an external incision through the skin. 
When the mandible is resected for radio-osteom3'^eIitis alone, the 
dissection is subperiosteal through the open mouth. When resection 
of one mandible is contemplated and teeth are present in the unin- 
volved side of the mouth, arrangements should be made to wire the 
jaws together at the time of the operation so as to avoid distortion 
during the healing process. Such a precaution makes it much easier 
to construct prosthetic appliances. 

Melanomas of the gums should alwa3^s be treated surgicall3’' since 
this tumor is as radioresistant as normal tissue. In spite of its malig- 
nanc3% melanoma does not tend to recur locall3" after removal with 
an average margin of normal tissue, so that an extremel3' radical 
excision gives no greater assurance of cure. The choice between local 
removal and more extensive excision of the maxilla or mandible 
should be based upon the size and extent of the local tumor. 

Combinations oj Surgenr and Radiation. In selected instances, 
bulk3^ infected tumors in the upper and lower gums not suitable to 
either radiation or surger3'^ alone ma3’^ be treated b3’^ a combination 
of the two, first appl3’ing radiation (x-ray plus interstitial radon) 
in what is believed to be a cancer lethal dose, followed immediately 
b3'’ a debridement of the heavil3' irradiated and condemned tissue 
which would otherwise undergo massive radionecrosis. The dosage 
technic under such a plan is extremel3' variable and must be 
individualized. 

In the present series the method of treatment giving the highest 
percentage of success was a combination of peroral ,v-radiation 
supplemented b3' implantation of radon seeds, although in onl3' a 
slightl3'^ lesser number .v-radiation alone, peroraIl3" and e.xternall3% 
was successful. Cauter3^ methods used either alone or in conjunction 
with radiation were successful in selected instances. 

TRE.\TMENT OF METASTASES IN CANCER OF THE GUM 

Prophylactic Treatment. One of the most controversial aspects in 
the treatment of ceix'ical metastases from an3' form of intra-oral 
cancer is the management of those cases in which metastases are not 
clinicaih' demonstrable in the cendcal h’mph-nodes. There are three 
prevailing opinions; (i) The older surgical concept is that metastases 

C24I 



MARTIN— CANCER OF THE GUMS 


793 


are present in the majority even though they cannot be palpated, 
and therefore block dissection should be performed in all cases. 
Some surgeons also advise the administration of postoperative 
radiation. (2) The more recent radiologic concept holds that only 
prophylactic radiation should be given in these cases. The dosage 
vhich has been advised varies from i to 2 skin erythema doses 
upward, although few advise the administration of dosages which 
have been proved lethal for demonstrable cancer. (3) The watchful- 
waiting policy is based upon the theory of treating cancer only where 
it is demonstrably present. In the latter case the surgeon assumes full 
responsibility for systematic follow-up with the intention of giving 
aggressive treatment (surgical, radiologic or combinations of the 
two) only when there is actual clinical evidence of metastases. A full 
discussion of the comparative merits of these three plans is beyond 
the scope of the present paper and has already been published in 
previous reports.-’ 

The policy in the Head and Neck Clinic of the Memorial Hospital 
may be summarized briefly as follows: (i) Prophylactic neck dissec- 
tion (an operation performed in the absence of clinically demon- 
strable metastases) is a tedious procedure attended by a morbidity 
of two to three weeks and a definite though small mortality even in 
experienced hands. Statistics will prove that this operation, when 
performed in the absence of clinically involved nodes, will be of 
actual value in too small a number of cases to be justified. If it is 
conceded that its benefit is limited to the cases of those patients who 
are first seen without cervical metastases in whom the primary lesion 
is permanently controlled and who later develop metastases, it would 
be useful in only one in thirty-five cases of cancer of the lip, one in 
eight cases of cancer of the tongue, and one in four cases of cancer 
of the gum. In some of these forms of cancer the operative mortality 
far exceeds the possible salvage. Although there is a comparatively 
greater risk of developing cervical metastases in cancer of the gum 
than in these other forms, prophylactic neck dissection is neverthe- 
less still objectionable since it is attended by a greater risk of 
exposing the irradiated or surgically scarred areas within the mouth 
to such complications as osteomyelitis or a break-through with 
infection. (2) The case for prophylactic radiation is even less tenable. 
The critical observer realizes that the complete eradication of cancer 
by radiation depends upon giving a lethal dose and that no perma- 
nent benefit is to be derived from less than a lethal dose of radiation. 
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The lethal dose for epidermoid carcinoma has been proved to be 
at least 5 to 6 skin erj^thema dosesd® Such a dose of radiation to the 
entire area of the neck in which metastases might occur is attended 
by marked disability and is often fatal. None of the proponents of 
prophylactic radiation to the neck advises giving cancer lethal doses 
to the entire neck. The administration of i to 2 skin erj'^thema doses, 
a dose which has no visible effect upon the average epidermoid 
carcinoma, can hardly be called logical. (3) In view of the foregoing, 
the watchful-waiting policy seems the most reasonable from the 
theoretical standpoint. In brief this polic}' is as follows: If no metas- 
tases are clinically demonstrable at the time of admission, no 
treatment is given to the neck. The patient is examined at regular 
intervals (at least once a month for the first j'ear). If clinical evidence 
of metastasis appears, aggressive treatment — either surgical or 
radiologic — is given, the choice depending upon the individual case. 
The actual merit of any plan of treatment depends upon the end 
results to be obtained both in the five-year end results in unselected 
groups and in the number and cures of proved metastases, as will 
be discussed further under subsequent headings. 

Treatment 0/ Clinically Demonstrable Metastases. The treat- 
ment of metastasis from the upper gum is essentiallj'^ the same as 
in intra-oral cancer in general, since the nodes first involved are 
usually in the upper or subdigastric group of the internal jugular 
chain. In cancer of the lower gum, the mode of metastasis resembles 
that in cancer of the mucosa of the cheek, that is, the first involve- 
ment usually occurs to the pre- and retrovascular submaxillarj’^ 
nodes. In cancer of the posterior cheek or posterior lower gum, a 
rather unique situation occurs, that is, the first metastasis (pre- 
or retrovascular submaxillary node) is almost in direct contact with 
the primary lesion. 

The treatment for metastasis from cancer of the upper gum 
depends mainly upon the time of the appearance of the metastases. 
If nodes are involved on admission, radiation is undoubtedlj'^ the 
most useful form of treatment. The technic for the radiation treat- 
ment of cervical metastatic cancer has been described in detail in 
previous reports from our clinic, the most important factors being 
the administration of fractionated .v-radiation through small portals 
(3 to 5 cm. in diameter) limited to the region of the node itself, 
giving a total of 5,000 to 8,000 r over a period of about three weeks 
(200 to 250 kv., 35 to 50 cm. T.S.D., 0.5-1. 5 mm. Cu. filter), supple- 
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mented by the implantation of radon gold seeds either in a single 
dose or in fractions. In the present series, six patients with proved 
metastases, who were treated by radiation alone, have survived for 
more than five years. 

In metastases from cancer of the lower gum the problem is 
influenced by the juxtaposition of the primary lesion and the pre- 
and retrovascular lymph-nodes. In peroral .v-radiation of the 
primary, the beam can often be tilted so as to include both the 
metastases (in the pre- and retrovascular nodes) and the primary 
lesion. The .v-radiation is supplemented by the implantation of 
radon seeds mainly in the lymph-node, thereby lessening to some 
extent the risk of radionecrosis and radio-osteomyelitis which are 
more likely to result if the seeds are implanted within the mouth. 
In posteriorly placed lesions of the lower gum with metastases to 
the submaxillary nodes, localized radio-osteomyelitis often occurs, 
but if the growth has been destroyed this complication can be 
treated conservatively until the bone sequestrates spontaneousl3\ 

For metastases which appear after healing of the primar}- lesion 
in the lower gum, the selection of treatment must be individualized, 
depending upon the amount of radiation scarring. Either surgery 
or radiation might be preferable in the individual case in an effort 
to favor prompt healing of the tissues. In certain complicated cases 
in which a metastatic node becomes attached to or invades the 
mandible, submaxillary dissection may be combined with resection 
of a portion of the mandible. In such cases the skin incision may 
be closed at the completion of the operation or, if large areas of skin 
must be removed, the wound may be left open for later plastic 
closure. 

The present series of 1 13 cases is not large enough to permit any 
final conclusions in regard to the relative merits of radiation and 
surgery in the treatment of cervical metastases in cancer of the gum. 
Of the sixty-two patients with metastases, seven were selected as 
being suitable for neck dissection on the basis of apparent control 
of the primary lesion and the presence of early and operable metas- 
tases in the neck. All seven survived the operation but subsequent!}' 
succumbed to recurrences in the neck (four cases), at the site of the 
primary lesion (two cases), or to systemic dissemination (one case). 
In the fifty-five remaining cases with lymph-node involvement, 
the metastases were considered inoperable or at least unsuitable for 
neck dissection, and treatment was by radiation alone. Six of these 
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patients with histologically proved metastases (aspiration biopsy) 
have survived for five years or more, as well as an additional three 
in whom the nodes were clinically positive although aspiration 
biopsies were omitted. The survival of at least six (about 1 1 per 
cent) for five years in comparison to no survivals by surgery is a 
strong indication that radiation is a more useful method than 
surgery in metastases from cancer of the gum. In any event, neck 
dissection, if used in gingival cancer, should be limited to those cases 
in which the primarj'- lesion is under apparent control and the nodes 
occur late in the course of the disease. When nodes are present in 
the beginning, neck dissection can hardly be combined safely with 
the necessarily aggressive treatment (by either surgery or radiation) 
to the primary lesion. 

In melanoma of the oral mucous membrane an exception might 
be made to the rule against prophylactic neck dissection, although 
it is doubtful whether the end results would be greath' influenced. 
As far as the Memorial Hospital cases are concerned, intra-oral 
melanoma invariably metastasizes so that it might be argued 
reasonably that a neck dissection is in order. On the other hand most 
of such metastases are bilateral and the systemic metastases which 
have also occurred in all of our cases indicate that dissemination 
takes place by way of the blood stream as well as bj’' the Ijmiph 
stream; therefore, neck dissection would be useless. 

PROSTHETIC REPAIR OF DEFECTS OF THE MAXILLA, PALATE AND 

MANDIBLE 

Adequate treatment of all forms of intra-oral cancer frequently 
necessitates a loss of the soft parts or bone and the production of 
both cosmetic and functional deformities. Defects of soft parts maj* 
often be repaired satisfactorily by plastic surgerjs but if there has 
been a loss of bone of the jaws or palate, surgical repair or bone 
grafting is seldom practicable, and some mechanical contrivance 
is not only more effective but easier to apply. Dr. Andrew Acker- 
man, dental surgeon of the Memorial Hospital, has reported in 
considerable detail the forms and methods of construction of various 
mechanical devices for the repair of defects in the jaws and palate 
following treatment of cancer in the mouth. ^ In cancer of the gums, 
the deformities resulting from treatment are due almost entirely to 
loss of bone. 
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In the upper gum the defect, usually opening into the antrum 
and sometimes into the nasal cavity, produces a double disability. 
With large defects in this area speech is unintelligible since articu- 
lation is impaired and resonance altered. Furthermore, eating and 
drinking are difficult since part of the ingesta tends to enter the 
nasal cavity, to be expelled through the nose on swallowing. While 
surgical repair of these upper jaw and palatal defects is impractical, 
they may usually be almost perfectly remedied by prosthetic appli- 
ances so that normal function in both speech and swallowing is 
restored. Such devices consist mainly of a modified upper dental 
plate so shaped and fitted as to close tightly the opening in the 
palate and floor of the antrum. Firm retention is attained by a 
combination of several expedients, such as the usual suction cup, 
clasps on remaining teeth, and undercutting of the edges which fit 
into the defect. In the smaller defects, such prostheses can be made 
satisfactorily by the average dentist. When there is extensive loss 
of bone and soft tissue past the posterior border of the hard palate, 
the defects may be such as to require the services of a dentist with 
special training and experience in the construction of such appliances. 

In the lower jaw any loss of substance involving a break in the 
continuit}' of the mandibular arch also produces both a cosmetic 
and functional deformity. Following the loss of the whole or of a 
portion of one horizontal ramus, the opposite mandible shifts toward 
the defective side, drawing the remaining teeth out of proper occlu- 
sion. Depending upon the amount of bone lost, and especially on 
whether the defect is situated anteriorly, the shape of the lower part 
of the face is distorted to a variable degree. When the anterior por- 
tions of both horizontal rami are lost, the normal contour of the 
chin is markedly altered, and the tongue, deprived of its anterior 
support, recedes backward and downward into the pharynx for a 
short distance. In addition to this cosmetic deformity the power of 
mastication is completely lost since the grinding of food by the 
molars is produced by a complicated vertical, horizontal, and lateral 
motion of the mandible by the combined action of two sets of tem- 
poral and pterygoid muscles. Even the simple biting action is 
impossible since the teeth can no longer be brought to proper 
occlusion. Despite these cosmetic and functional abnormalities, the 
loss of a portion of the mandible is compatible with perfect health, 
although the nature of the food must be altered. 
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In the repair of bone defects of the lower jaw, the interposition 
of a bone or cartilage graft from a rib or other bone is sometimes 
advised. Although such an operation is technically feasible if done 
immediately following partial resection of the mandible, it can 
seldom if ever be applied in cancer of the gums. Such bone or carti- 
lage grafts, to be successful, must be embedded in healthy vascular 
soft parts in a sterile field. In surgical resection of the average gum 
cancer, the intra-oral wound cannot be sutured, and in any case 
would be grossly contaminated by infection. Following” radiation 
the decreased vascularity of the tissues in the healed state would 
make the success of the bone grafting doubtful. Furthermore, in 
most cases after the treatment of cancer, the possibility of recur- 
rence would make it prudent to wait for a year or two before any 
grafting were attempted, and by that time the scarring and con- 
tracture are so firm as to make restoration of the normal contour 
impossible, even if a sufficient thickness of soft tissue were present 
in which bone grafts might be embedded. 

In the most marked deformities following partial loss of the 
mandible, there is no method of complete restoration. In certain 
instances, however, in which there is minimal scarring and not too 
great a loss of bone and soft tissue, Ackerman has succeeded in 
markedly improving both the appearance and the function by 
ingenious hinged devices attached to an upper denture. Although 
the ability to masticate has seldom been restored, such devices 
contribute a great deal to the patient’s comfort and appearance. 

COMPLICATION'S 

Radionecrosis and Osteomyelitis. As has been previously' men- 
tioned, the gum consists of a thin layer of soft tissue about 2 to 
3 mm. in thickness overlying bone. The blood supply of the gum is 
entirely peripheral, coming from the adjacent cheek, palate or floor 
of the mouth. The thinness of the gum and the lack of a blood 
supply from its base make this structure particularly susceptible 
to local radionecrosis following cancer lethal radiation. Radiation 
in such dosage, which also reaches the underlying bone, is sufficient 
to destroy the finer osseous circulation, so that when bone is exposed 
by radionecrosis of the overlying gum, radio-osteomyelitis is almost 
inevitable. It is only by appreciation of these facts and by meticulous 
attention to the details of radiation technic that such complications 
can be avoided or their severity diminished. The most important 
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precaution is the limitation of the portal or external radiation to the 
smallest efficient diameter and the accurate centering of the radi- 
ation beam. 

In the present series there was radionecrosis of soft tissue in 
about 50 per cent of the cases, and at least half of these subsequently 
developed radio-osteomj-elitis with some loss of bone. When super- 
ficial radionecrosis occurs with exposure of the underlying bone, the 
best treatment is consers^ative, combatting the sepsis with frequent 
irrigations and applying ox3*genic preparations (zinc peroxide) over 
a period of weeks or even months until the bone fmallj’^ sequestrates. 
The exposed fragment of bone ma}’ be manipulated genti}' from 
time to time in an attempt to hasten its separation. If local sepsis 
and pain attendant upon the osteomj^elitis are particularlj”^ severe, 
partial resection of the bone in either the upper or lower jaws maj- 
be indicated. In such cases the line of resection should be through 
viable bone, which is possible onlj- if the beam of external radiation 
has been limited in extent. When wide beams of 8 to 10 cm. in diam- 
eter are used, the radio-osteomj'elitis usuall}* progresses through 
the entire mandible or maxilla. The morbidit}’- is long, and the 
complications often fatal. 

Dental Complications. The extent to which the presence of 
teeth in either the upper or lower jaws is an obstacle to the admin- 
istration of both surgical and radiologic treatment has alread}" been 
mentioned. The complications which are likely to follow the extrac- 
tion of teeth have also been described. When sound teeth are per- 
mitted to remain within the field of cancer lethal radiation, dental 
complications are inevitable. When the teeth and adjacent alveolar 
processes are irradiated in cancer lethal doses, the gums retract and 
the teeth are devitalized, probabh' as the result of a devitalization 
of the peridental membrane and the destruction of the apical circu- 
lation. Over a period of several months to a 3’ear, such teeth lose 
their normal gloss and assume a chalkj' appearance. Numerous 
cavities develop, not onlj- on the occlusal surface but near the gum 
margins. The tooth structure crumbles awaj-, and in some cases 
the entire exposed portion of the tooth disappears down to the gum 
margin, leaving a decalcified exposed root. 

M'hen teeth are extracted before treatment is begun, the granu- 
lation tissue in the tooth sockets tends to disappear under heavy 
irradiation, leaving avascular bone exposed. When teeth are ex- 
tracted at an interval after heavv irradiation, the tooth sockets 
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may bleed very little, and granulation tissue may fail to de\'eIop. 
Osteomyelitis then occurs, beginning in the exposed bone. There 
is no way of eliminating these dental complications, but their extent 
and severity can be markedl3'- reduced b^^ meticulous attention to 
the details of radiation therapj' and hygienic care. 

Pain. As has been mentioned previously, pain is not a promi- 
nent early symptom in cancer of the gums, due mainly to the fact 
that these tissues are poorlj^ supplied with ner\^es. Pain seldom 
becomes a marked sj’^mptom in cancer of the gums except after 
invasion and sepsis of the bone or of the soft tissues of the cheek, 
the floor of the mouth or the palate. 

With osteom3’-elitis of the maxilla or mandible, it is mainlj’^ the 
superior and inferior dental nerves which are affected, and in these 
cases neurolysis of the second and third divisions of the fifth cranial 
nerves by alcohol maj’^ effect complete relief from pain provided 
that complications do not extend into the areas supplied bjf other 
nerves, such as the ninth or the upper cervical branches. 

Hemorrhage. Following erosion bj^ disease or radionecrosis, 
hemorrhage occurred as a complication in over 20 per cent of the 
present series and was the cause of death in six cases. It occurred 
most frequentl}- in gron-ths of the upper gum. The blood supply to 
the upper jaw is mainl}' from the internal maxillarj- arterj"-, the larger 
branches of which lie rather deepl)’ in the pterygoteraporal fossa 
so that serious hemorrhage rarelj’ occurs except when there is deep 
erosion following radionecrosis in this area. The blood supph^ of the 
lower jaw and adjacent soft parts is from the inferior dental, the 
external maxillarj^ and the lingual branches of the external carotid 
arteries. Serious hemorrhage does not occur from the inferior dental 
arter}' which is relativel}' small in size. Deep erosion or slough 
in the floor of the mouth or in the gingivobuccal gutter maj^ erode 
either the external maxillarA- or the lingual arterj’ or both, and 
hemorrhage may be severe enough to be fatal immediatelj-. 

^^Ten bleeding occurs from an}- one of these vessels, the imme- 
diate treatment is bj' local tamponage with gauze packing and digital 
pressure, followed as soon as possible b}- ligation of the external 
carotid artery-. Since in most cases the healing of the wound in the 
mouth nia \- not take place for several months, the occlusion of the 
arterj' should be permanent, either by section of the vessel b}' double 
ligatures or, preferablv, bv the use of a metal ligature. When 
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bleeding occurs from the lower jaw, the ligature on the external 
carotid must be placed below the origin of the lingual artery. 

PROGNOSIS 

In the medical literature where specific reference is made to the 
subject, cancer of the gum is usualh* reported to have a bad prog- 
nosis. At the Memorial Hospital the chance of cure in this group 
of tumors is slightly better than that in cancer of the tongue, floor 
of the mouth, or tonsil, and about the same as in cancer of the cheek. 
The factors influencing the chance of cure are given in Table in, 
the most important of which will be discussed separately. 

Age. Although in most forms of intra-oral cancer the chance 
of cure is better in the younger age groups, an analysis of the present 
series gives little evidence in this regard. Although two of four patients 
(50%) under the age of fortj' were cured, but the number is too small 
to permit of any definite conclusions. 

Sex. As in all forms of intra-oral cancer which we have studied 
in our clinic, an analysis of the present series indicates that the 
chance of cure of cancer of the gums is better in females (50 per cent) 
than in males (23 per cent). It is probable that this difference is 
due mainly to the fact that all anatomic and histologic forms of 
cancer are more radiosensitive in the female than are their counter- 
parts in the male. 

Posuio 7 x oj the Growth. Although one might expect a difference 
in the cure rate between cancers of the upper and lower gum and 
between lesions near the symphysis and those situated posteriorly 
near the soft palate, there appears to be no significant variation in 
this regard. 

Size oJ the Priinar\^ Growth. As might be expected, the size of 
the primary lesion on admission is one of the most important factors 
in the prognosis. When the growths were less than 2 cm. in diam- 
eter, the cure rate was 50 per cent, as compared to 13 per cent in 
those over 4 cm. The average size of the growths in all cases was 
3.3 cm., in the fatal cases 3.5 cm., and in the cured cases 2.9 cm. 

Metastases. In gingival gro^^-ths, as in all forms of cancer, the 
occurrence of metastases is the most important factor in prognosis. 
Among patients with no metastases at any time, the five-year cure 
rate was almost 50 per cent, as compared to 1 1 per cent when metas- 
tases were present some time during the course of the disease. There 
were no survivals among the thirty-eight patients with metastases on 
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Table m 

FACTORS influencing THE PROGNOSIS IN 105 DETERMINATE CASES OF CANXER OF THE GUM 

at the MEMORIAL HOSPITAL 



Total 

Cases 

Five-year 

Cures 

i 

Fit e-year 
’ Cure Rate 

Age 




Under 40 

4 

2 

50 

40 to 49 

10 

2 

20 

50 to 59 

21 

7 

30 

60 and over 

Not stated 

67 

3 

15 

1 

1 22 

Se\ 




Male 

85 

19 

22 

Female 

20 

8 

40 

Position of the grow th 




Right 

44 

14 

32 

Left 

56 

12 

21 

Both j 

2 

0 

0 

Midlinc j 

3 

1 1 

33 

Upper 1 

47 

12 

25 

Low er j 

57 

15 

26 

Both 

I 

0 

0 

Size of lesion 




0 to 1.9 cm 

8 

3 

38 

2 to 2.9 cm 

25 

7 

28 

3 to 3.9 cm 

16 

5 

31 

4 cm. or over 

35 

6 

17 

Size not stated or scar present 

21 

6 

29 

Metastascs 




On admission 

38 

0 

0 

None on admission 

67 

27 

40 

Cervical involvement later 

17 

6 

35 

Distant metastases later 

7 

0 

0 

Metastascs sometime during course 

62 

6 

10 

No metastases at any time 

43 

21 

49 

Histopathologj 



Squamous carcinoma grade 1 

26 

12 

46 

Squamous carcinoma grade ii 

62 

1 1 

i8 

Squamous carcinoma grade iii 

I 

I 

100 

Adenocarcinoma 



40 

Spindle cell carcinoma 

X 

0 

0 

Lj mphoepithclioma 

r 

I 

100 

L\ mphosarcoma 

I 

0 

0 

Melanoma 

4 

0 

0 

No disease at primaiy site on admission 

4 

0 

' 0 
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admission. These figures might suggest that cancer of the gum is 
unusually malignant once it has metastasized, but when compared 
with other forms of intra-oral cancer (Table iv), it will be seen that 
the cure rates in cancer of the tongue, the tonsil, and the cheek with 
metastases are at about the same level, while in cancer of the 
floor of the mouth, the lip, and the nasopharynx with metastases, 
the cure rates are somewhat higher. 

Histopatbolog\\ The cure rate in cases of squamous carcinoma 
grade i was 48 per cent in the present series, almost twice the average 
and about two and one-half times that of the most frequent tumor, 
squamous carcinoma grade ii (18 per cent). The total number of 
adenocarcinomas is too small to be of significance, but two of the 
five sur\'ived. Melanoma of the oral mucous membranes is always 
serious and is seldom cured. All four patients of the present series 
succumbed to widely disseminated disease. 

END RESULTS 

We have been unable to find anj’- specific figures for five-year 
end results in cancer of the gums which are well-attested, that is, 
the few published reports are not based upon consecutive, unselected 
cases, all histologicall}' proved, and in most instances too large a 
percentage of the patients are untraced. In some reports the data 
are inconclusive because of the inclusion of gingival tumors with 
other forms of cancer, chiefly of the antrum. The closest approxi- 
mation to accurate end result figures is found in the reports of 
Edling^ and Gaini,* both of whom used radiation as the main form 
of treatment. In Edling’s series the diagnosis was not verified 
histologically in one-third of the cases. He reports three of twenty- 
six patients (ii per cent) alive and well, but admits that in one of 
these the presence of cancer was not confirmed by biops3^ Gain? 
attempts to give five-year end results in a series of fifty-three cases. 
His figures are rather confusing, but the lack of adequate follow-up 
is apparent since in all his calculations at various periods, about 
one-third of the patients are untraced. He reports that at the end 
of five years, six patients were alive and well (12 per cent). The 
five-year cure rates in both of these series would probably be higher 
if there had been accurate follow-up and a correction for those 
patients who died of other causes without recurrence of cancer. 

The net end results in the present series of cases, all histologically 
proved, are given in Table v. As has been mentioned, this series is 
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Table iv 

CURE RATES IN .\SETASTASES FROM INTRA-ORAL AND PHARYNGEAL CANCER 
AT THE MEMORIAL HOSPITAL 



Per Cent 


10 


ri 



Nasopharynx 

Floor of mouth 

Lip ... . . 

20 

22 

27 


made up of all patients with gingival cancer who applied at the 
Memorial Hospital during the years 1929 to 1935, inclusive, 
and were able (ambulator30 and willing to return for treatment or 
palliation. None was excluded because of an advanced stage of the 
disease. Before calculating net end results, those patients were 
excluded who died of other causes or who were lost track of after a 
year’s freedom from disease. In the entire group the cure rate is 

Table v 

MEMORIAL HOSPITAL FIVE-YEAR END RESULTS IN CANCER OF THE GUMS 

1929 to 1935, Inclusive 

This series consists of all patients with histologicailj' proved cancer of the gums, 
both early and advanced, admitted during the specified period. Only those patients are 
e.YcIuded who, for any reason, were unable to return for treatment, palliation and 
observation in tiie out-patient department or who were lost track of within the first 
month after no more than one or two visits (clinic shoppers). 


Total number of cases 

113 

Indeterminate group: 

Dead as a result of other causes and without recurrence 

Lost track of without recurrence 

Total number of indeterminate results 

6 

2 

8 

Determinate group: 

Total number minus those of indeterminate group 

105 


Failures: 

Dead as a result of cancer . . . 72 

Lost track of with disease (probably dead) 5 

Li\'ing with recurrence 1 

Tot.al number of failures in treatment . 78 


Successful results: 

Free from disease after five years or more 

27 

Five-year end results: 

Successful results divided by determinate group (-Jios) ■ 

25 7 ^c 
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25.7 per cent. Among the cases of carcinoma alone, excluding mela- 
noma, the cure rate is 27 per cent. 

SUMNL\RY 

A series of 1 1 3 consecutive cases of cancer of the gums (gingivae) 
is analyzed from the standpoint of etiology, clinical course, treat- 
ment and end results. Treatment methods by radiation, surgery, 
and combinations of the two, with their attendant complications, 
are described in detail. 

The net cure rate in the series, calculated in 105 determinate 
cases, is 25.7 per cent. 
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^^nrrc's divo.'i<c. 3 

Glands Bruniu'r's J'l'lcrotopin of, 309 
Goiter, intriuhor.icic, i>i 

Grafting, skin, preparation of wounds for, ~i(i 
Gtafts cartikape, costal, method to prevent warjiing of. 

Gums, cancer of, "hs 

J.JeaIinp of operatixe wound in s\philitic women. 6-4 
1 Icmorrhagc 

postpartum, control of, (>34 

pulmonary, treatment of, in tulnTCulous pitient, 22 j 
Hernia, diaphragmatic. 306 
Hetenuaxy, :d>domin.d, 44f> 

Hetcrotopi.i of Brunner’s glands. 30s 
Hidrosadenitis suppuratix 613 
Hip, jrainful, in ciuldhood, <s*o 
Hxdnxrelc, left, mohilo Cixnim .and. ~>3 
H\ perthx roidism and mental disortlers 4i><i 
H\ pothj roidism and chondro-epiphxsltis. ^So 

Jntplantation, intracranial, of sulfanil.imidc, (l•;3 

Incision, right, later.d. rectus, in appendicitis, 3HH 

Infection, pelvic, tre.itment of. 630 

Injuries 

chest, treatment of. 2S0 
tendon, 412 

Intestine, motility of, after gastric surgery, hjS 
Intussusception, iliocolic, diagnosis by x-ray for. 40 } 
Iontophoresis of choline compound for pelvic inflection. 
630 

Irradiation, ulirax’Iolet, of aiUotransfused blood in 
puerperal sepsis. 60 1 

j^nce, derangement of, and discoid meniscus, 3-1 

y actation, suppression of, by stilbestrol, 443 

Langcrhaits’ islet of pancreas, adenoina of, 744 
I-aparotomy, cxploratorx’, versus peritoneoscopy, 502 
Lesions 

benign, at lower end of esophagus, 252 
neoplastic, dcstrucliyc, of cr.anium, 430 
Leukocyte exhaustion in intestinal obstruction, 41“ 
Lix’cr, piece of, obstruction of bile duct by, 723 
Lung 

carcinoma of, 161, 614 
foreign bodies in, 21 1 
malignance of, 173 

tuberculosis of, and paralysis of diaphragm, 228 


]yj-align 


ancy, primary and metastatic, of lung, 173 


Management 

of bronchopleur.al fistula, 236 
of empyenm in children, 2p 
of mcdiastinitis, 
of pulmonary abscess, 82 
Mariolin’s ulcer, 466 
MccWl’s diverticulum, rupture of, 727 
Media, contrast, .v-r.ay diagnosis without, 404 
Mcdiastinitis, recognition and management of, 09 
Medical students, deans and deferment (E.), 587 
Meningitis, postoperatixx, prevention of, with sul- 
fanilamide, 653 

Methylene blue as indicator for oral administration of 
food, 407 

Migration of projectiles in blood vessels, 729 
Alorbiditj’ and mortality in peritoneoscopy and explor- 
atory' laparotomy, 302 
Mortalitj’ in bronchiectasis, 50 


.Motility, g.istiointestinal, re-establishment of, after 
surgerx, btS 

Mucus I, rect.d, exstrophy of, 4“0 
Murphx' drip, modifications of, -■jr) 

Myasthenia grax'is and tumors of thxmic legion, 140 

^^bstetrics, analgesia in, 403 

Obstruction 

bronchial, signs, s\ini)toms and diagnosis of, i()3 
iluoden.d, congenital, 678 
intestinal, leukocyte exh.uistion in. 41- 
of bile duct by detached piice of liver, 723 
jnloric. and heterotopia of Brunner’s glands, 305 
Ointmint. sulfanilamide-allantoin. for skin grafting. 716 
Operation 

cartliac standstill and xentricular fibrill.ition during, 
^"3 

CCS I roan. 525 
evisceration after. (>82 
for Dujmx trim’s contracture, “i 1 
gastric, intestinal motilitv after, 6}8 
Osteomxelitis 

pyogenic, n-curring, 741 
sclerosing, chronic, 377 
Ovary, pregnancy in. 48“ 

JP increas, adenoma of l^mgerhans’ islet of, "44 

Par.dxsis of dia]>hracm in treatment of lung tuber- 
culosis, 228 

Par.isite. fish, of inan (Bo.B.), 311 
Park biogr.iphy (E-.I, 388 
Ikitients 

jxrivate, obstetric.d analgesia in, 403 
surgic.d, oral administr.ttion of food to, 407 
tuberculous, pulmonary hemorrhage in, 224 
Pelvis, infection of, (>31) 

Peritoneoscony, 668 
x'crsus exploratory laparotomy, 502 
Pess.ar\‘, intrauterine, and pregnancy, 484 
Phillip's recessed head screw, 738 
Plasm.a-saline mixture for shock, 701 
Plaster slipper for toe fractures, 721 
Pregnancy 

anil delivery with i)essar_\ in cervix, 48 1 
intra-abdominal, -47 
ovarian, 487 
Prex-ention 

of discomfort and disability in treatment of varicose 
veins, 362 

of meningitis, postoperative, xxith sulfanilamide, 633 
Problem, surgical or medieal, jjeptic uleer as a (E.). 330 
Projectiles in blood x’essels, migration of, 720 
Prophylaxis for .appendieeal stump, 629 
P.seudofracturc of tibia, 737 

J^cctum, cxstrojjhy of mucosa of, 4-0 
Region, thymic, tumors of, 140 

Resuscit.ation for eardiac standstill and ventricul.ir 
fibrillation during operation, 2“3 
Rib cartilage, slipping, 32O 
Riedel’s thyroiditis, 472 
Roentgen 

r.ays, stcriliration of ovaries by, 400 
study of lung carcinoma, 614 
Rupture, subcutaneous, of Meckel's diverticulum, 72- 

garcoma in old burn scar, 457 

Saxv and drill, bone, electric, 505 
Scar, old burn, sarcoma in, 457 
Scissors, perineal, Braun, 760 
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Screw 

Phillip’s recessed, 758 
tumor, Doyen, 510 
Sepsis 

pucrpcr.il, ,'iutotr,'insfuscd blood for, 691 
wound, in thoracic surgery, 295 
Shell wounds, multiple, 731 

Shock, surgical and traum.atic, with plasma-saline mi\- 
turc, 701 

Site of intrathoracic tumors, 139 
Skin grafting, preparation of wounds for, yifi 
Slipper, plaster, for toe fractures, 721 
Spine, deformities of, resulting from thoracic disease 
and operation, 317 

Standstill, cardiac, during operation, 273 
Sterilization of ovaries by roentgen rays, 490 
Stilbestrol, suppression of lactation by, 443 
Stomach 

adenomyoma of, 395 
carcinoma of, 43 1 

Stump, .appendiceal, and prophylaxis, 620 
Sulfanilamide 

and sulfanilamidc-allantoin ointment in skin graft- 
ing, 716 

intracrani.al implantation of, 653 
Suppression of lact.ation by stilbestrol, 443 
Surgery 

thoracic, anesthetic procedures in, 4 
wound sepsis in, 295 

T echnic, surgical, for removal of neoplastic lesions of 
cranium, 439 

Tendon 

distal, avulsion of, 733 
injuries to, 412 

Thorax, anesthesia in surgery of, 4 

Thyroiditis, Riedel’s, 472 

Tibia, pseudofracture of, 737 

Toes, plaster slipper for fractures of, 721 

Treatment 

of injuries to chest, 280 

of lung tuberculosis and paralysis of diaphragm, 228 
of pelx'ic infection, 630 
of pulmonary hemorrhage, 224 


Treatment, of shock, with plasma-saline mixture, 701 
preoperative and postoperative, biochemical aspects 
^’53 . 

surgical, of axillary hidrosadenitis suppurativa, 643 
of carcinoma of thoracic esophagus, 262 
of pulmonary tuberculosis, 215 
Tuberculosis 

of lungs and paralysis of diaphragm, 228 
pulmonary, developments in surgical treatment of, 
215 

Tumor screw. Doyen, 510 
Tumors 

argentaffinc, malignant, of appendix, 424 
intrathoracic, frequency and site of, 139 
of thoracic cage, 127 

of thymic region and myasthenia gravis, 149 

■^J'lccr, Marjolin’s, 466 
Ulcers 

chronic, and bone drilling, 
peptic, intractable (R.'), 339 
Uterus, fibromyomas outside of, 391 

■'^^aricose x’eins, treatment of, 3^2 

"^J^arping of cartilage grafts, method to prevent, 43J 

War wounds of chest, 280 

Welch biography (E.), 58S 

Women, sjphilitic, healing of wound in, 674 

Wound 

operative, healing of, 674 
sepsis in thoracic surgery, 293 
Wounds 

shell, multiple, 731 

superficial, preparation of, for skin grafting, with 
sulfanilamidc-allantoin ointment, 716 

■^-ray, diagnosis by, of iliocolic intussusception, 494 




